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EXECUTIVE SUMMARY 
 
This task agreement was originally awarded by the National Park Service (NPS), Lake Mead 
National Recreation Area (LMNRA) to the Public Lands Institute at the University of 
Nevada, Las Vegas on September 30, 2006, and was amended to run through March 31, 
2011. This agreement covered several project elements focused on:  
 
 Monitoring and conservation actions for the relict leopard frog 
 Coordinating and conducting annual bald eagle counts on Lakes Mead and Mohave 
 Development and assessment of a habitat map for wintering bald eagles based on 
observations data collected during winter counts  
 Monitoring of breeding peregrine falcons and assessment of reproductive success  
 Development of a predictive habitat model for high-grading potential peregrine falcon 
breeding areas to be used with a call-broadcast protocol to rapidly assess territory 
occupancy  
 Inventory of nesting activity for nine rare/cryptic songbird species at targeted habitats  
 Historical assessment of habitat degradation and loss associated with nine rare/cryptic 
songbird species  
 Development of predictive habitat models for nine rare/cryptic songbird species  
 Inventory and monitoring of aquatic birds on Lakes Mead and Mohave 
 Monitoring actions for desert tortoise 
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 Technical assistance for a project monitoring the impact of highway construction on 
desert bighorn sheep  
 
Many of these project elements were associated with the implementation of projects funded 
by the Clark County Multiple Species Habitat Conservation Plan (MSHCP), and consisted of 
numerous milestone and deliverables that required reporting by NPS to Clark County. These 
milestones and deliverables were all successfully met, as were the other deliverables 
associated with this task agreement. Project elements associated with MSHCP funding to 
monitor desert tortoise populations were discarded from this task agreement when that 
project was declined by LMNRA; associated actions were modified as requested by the NPS 
Agreement Technical Representative.  
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PROGRAM ACTIVITIES 
 
The following information summarizes major activities and products accomplished by the 
Public Lands Institute at the University of Nevada, Las Vegas (UNLV) under the task 
agreement, Monitoring and Evaluation of Sensitive Wildlife at Lake Mead National 
Recreation Area. In general, actions associated with this task agreement focused on the 
development and implementation of inventory and monitoring programs to determine the 
distribution, status, trends, and potential threats to several animals of conservation concern, 
as well as to provide technical assistance necessary to address management research 
questions, to accomplish appropriate management actions, and to successfully meet reporting 
requirements for external funding acquired by the National Park Service (NPS) at Lake Mead 
National Recreation Area (LMNRA). In addition to the work described herein, separate 
documents, products, and the associated data were submitted by the UNLV to the NPS at 
LMNRA as part of the task agreement deliverables – most of which were forwarded to Clark 
County to meet specific milestones and deliverables associated with project funding from the 
Clark County Multiple Species Habitat Conservation Plan (MHSCP). Final reports associated 
with the various elements of the task agreement are referenced below and included as 
appendixes to this close-out report. Also included in the appendixes are several summary 
documents that were submitted along with important final products delivered as electronic 
files (e.g. GIS habitat models, etc). The Principal Investigator on the task agreement was Dr. 
Jef Jaeger, Research Assistant Professor with the Public Lands Institute.  The Agreement 
Technical Representative for the NPS was Mr. Ross Haley at LMNRA.   
 
 
Project 1.  Relict Leopard Frog Monitoring, Management and Research  
 
In 2002, the relict leopard frog was petitioned for listing under the Endangered Species Act, 
and while listing was considered warranted, it was precluded, and the species is currently 
considered a candidate species. Efforts to conserve the species are currently managed by a 
voluntary Relict Leopard Frog Conservation Team (RLFCT) consisting of personnel from 
numerous federal and state agencies. The RLFCT developed a Conservation Agreement and 
Strategy (CAS) for the species which specifies management actions and general protocols. 
During this task agreement, UNLV had primary responsibility to assist LMNRA with 
implementing monitoring and conservation actions for the relict leopard frog as stipulated by 
an associated MSHCP funded project (MSHCP project no. 2005-NPS-479-P). The project 
was intended to implement measures in the CAS, with the main goals of conserving existing 
relict leopard frog populations and establishing new experimental populations. The following 
objectives were met during this task agreement: 
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 An experimental translocation program for the relict leopard frog was conducted. A head-
starting laboratory facility at LMNRA headquarters was maintained, and activities were 
coordinated at a second facility, the Willow Beach National Fish Hatchery. Relict leopard 
frog eggs were collected annually from specific wild populations and then transferred to 
these facilities for rearing to appropriate stages for release. Translocation sites were 
augmented and new experimental sites established. Potential sites for translocation were 
also evaluated.  
 Monitoring surveys of all natural and translocation sites (containing extant populations) 
were conducted at least twice per year to assess the status of populations and to identify 
any potential threats to sites. 
 Small-scale habitat management activities (e.g., exotic vegetation reduction, important 
breeding pool maintenance) were conducted at some sites to improve conditions for relict 
leopard frogs. Exotic vegetation control activities by other collaborators (e.g., NPS 
Exotic Plant Management Team) were coordinated to improve sites for translocations and 
to maintain relict leopard frog habitat. 
 Research projects were assisted, including a mark-recapture study at one site where the 
status of the population was of concern.  
 Report editing and note-keeping were provided for the RLFCT to facilitate reporting by 
the team (chaired by Ross Haley at LMNRA).  
 All field data associated with this project were entered into a database maintained and 
managed by LMNRA. Data were shared by LMNRA with Clark County, as required by 
project funding. Quality assurance of the data met LMNRA and Clark County 
stipulations. 
 Quarterly, annual, and biannual reporting requirements associated with the project were 
produced and ultimately submitted to Clark County. These reports (both written and 
visual presentations) described activities associated with the MSHCP project and provide 
accumulated summaries of the translocation activities, population surveys, and other 
actions. Other products included a project-specific data management plan.  
 A final report on conservation efforts conducted in 2007 was written by UNLV staff and 
provided to the NPS. A final report for the MSHCP funded project (2008-2010) was also 
written and provided to the NPS for submission to Clark County; the format of the latter 
report was stipulated by the County. The citations follow(see Appendix 1a,b for copies of 
these reports):   
 
Drake, D. and J.R. Jaeger. 2017. Annual 2007 Report on Relict Leopard Frog Monitoring 
and Management (January – December 2007). Project report provided by the Public 
Lands Institute, University of Nevada, Las Vegas to the National Park Service, 
LMNRA Mead National Recreation Area, Boulder City, Nevada. 12 pp. 
Jaeger, J. R., and J. G. Barnes. 2010. Relict Leopard Frog Monitoring and Management 
(Rana onca). Final project report provided by the Public Lands Institute, University 
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of Nevada, Las Vegas to the National Park Service, LMNRA Mead National 
Recreation Area and submitted to the Clark County Multiple Species Habitat 
Conservation Plan (MSHCP project no. 2005-NPS-479-P), Las Vegas, Nevada. 30 
pp. 
 
 
Project 2. Bald Eagle Winter Monitoring and Evaluation  
 
Winter counts of bald eagles at LMNRA have been conducted since the early 1980s, 
although methodologies and level of effort have varied. The objective has been to document 
trends in the number of wintering bald eagles using Lakes Mead and Mohave. Bald eagles 
are gregarious in the winter, and the mid-winter counts have been important in determining 
the overall status of this previously federally listed species. During this task agreement, 
UNLV had responsibility for coordinating these counts and in taking a lead role during field 
efforts. Although the task agreement only stipulated UNLV assistance with these counts 
through 2009, UNLV efforts continued through 2011. The 2008 and 2009 counts were 
implemented as part of a MSHCP funded project (MSHCP project no. 2005-NPS-540-P), 
which also required implementation of a standardized protocol. In addition, the MSHCP 
funded an associated project (MSHCP project no. 2005-NPS-609B-P) to assess observations 
of bald eagles on Lakes Mead and Mohave and to map habitat along these lakes.  
 
The main goal under this task agreement was to count bald eagles on Lakes Mead and 
Mohave during a time when this species is on wintering grounds, with the intent of 
supporting regional and national efforts to assess species status. The following objectives 
were met during this task agreement: 
 
 A written protocol for conducting the winter bald eagle counts on Lakes Mead and 
Mohave was developed and implemented to improve quality control of data collection.   
 Annual winter counts of bald eagles on Lakes Mead and Mojave were coordinated and 
conducted in early January of each year. Some additional counts were conducted around 
the primary count period to train personnel and to provide insight into temporal variation.  
 A habitat map for wintering bald eagles on Lakes Mead and Mojave, based on 
observations data collected during previous counts, was developed in cooperation with 
LMNRA GIS/Data Management specialist.   
 All field data associated with this project were entered into a database maintained and 
managed by LMNRA. Data collected through 2009 were shared by LMNRA with Clark 
County, as required by project funding. Quality assurance of the data met LMNRA and 
Clark County stipulations. 
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 Reporting requirements associated with the MSHCP funding were facilitated, and 
included quarterly, annual, and biannual reporting of actions (both written and visual 
presentations), and project-specific data management plans.  
 No final report was required for the habitat modeling for bald eagles associated with the 
MSHCP funding; instead, final products associated with the modeling and mapping were 
provided as electronic files and associated metadata submitted by LMNRA directly to 
Clark County.   
 Major reports on the winter counts included, a written protocol for conducting winter 
bald eagle counts at LMNRA, an annual report in 2007, a final report for the MSHCP 
funded project summarizing counts in 2008 and 2009 (the format of this report was 
stipulated by Clark County), and a report of counts conducted in 2010 and 2011. 
Citations for all these documents follows (see Appendix 2a,b,c,d for copies of these 
reports):   
 
Fletcher D. M. 2007 (amended 2008). Winter Bald Eagle Counts on Lakes Mead and 
Mojave, LMNRA Mead National Recreation Area, Guidelines and Field Protocols. 
Document provided by the Public Lands Institute, University of Nevada, Las Vegas 
to the National Park Service, LMNRA Mead National Recreation Area, Las Vegas, 
Nevada. 12 pp. 
Fletcher D. M. 2007. Report on 2007 Bald Eagle Count on Lakes Mead and Mohave. 
Cooperative report prepared by the Public Lands Institute, University of Nevada, Las 
Vegas and National Park Service, LMNRA Mead National Recreation Area, Boulder 
City, Nevada. 15 pp. 
Fletcher D. M., and J. R. Jaeger, 2010. Bald Eagle Monitoring, 2008-2009. Final project 
report provided by the Public Lands Institute, University of Nevada, Las Vegas to the 
National Park Service, LMNRA Mead National Recreation Area and submitted to the 
Clark County Multiple Species Habitat Conservation Plan (MSHCP project no. 2005-
NPS-540-P), Las Vegas, Nevada. 14 pp.  
Fletcher D. M., and J. R. Jaeger, 2011. Bald Eagle Monitoring, 2010-2011. Report 
provided by the Public Lands Institute, University of Nevada, Las Vegas to the 
National Park Service, LMNRA Mead National Recreation Area, Las Vegas, Nevada. 
8 pp. 
 
 
Project 3. Peregrine Falcon Monitoring and Evaluation 
 
Peregrine falcons (Falco peregrinus) were once federally listed as an Endangered Species, 
but in recent decades populations have been increasing. As part of this overall pattern, 
peregrines were believed to have been extirpated from Nevada as a nesting species until the 
discovery of a nesting pair at LMNRA in 1985. Since that time, an increase in the number of 
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known nesting territories with LMNRA has been documented. Monitoring methods at 
LMNRA have varied over time, but these efforts were mostly aimed at collecting data to 
determine annual occupancy of known territories and evaluating measures of reproductive 
success. Until recent years, efforts to locate new (undocumented) peregrine territories at 
LMNRA were of low priority.  
 
During this task agreement, UNLV had responsibility for coordinating and conducting 
monitoring of peregrine falcons at LMNRA. Monitoring efforts in 2008 and 2009 were 
implemented as part of a MSHCP funded project (MSHCP project no. 2005-NPS-475-P).  
Although, not stipulated in the task agreement, UNLV personnel continued monitoring 
efforts through the breeding season in 2010. In addition, the MSHCP funded an associated 
project (MSHCP project no. 2005-NPS-609C-P) to develop a habitat model for peregrines at 
LMNRA as a tool to further improve monitoring strategies.  
 
The main goal under this task agreement was to assess annual occupancy of known peregrine 
breeding territories within LMNRA and to determine annual reproductive success. In 
addition, a new monitoring protocol was developed to efficiently assess occupancy of known 
territories and to rapidly assess potential habitat for undocumented territories. The following 
objectives were met during this task agreement: 
 
 Annual surveys were conducted to detect occupancy at known peregrine territories.  
 Occupied territories were monitored to track breeding activity and determine 
reproductive success of the population. 
 A call-broadcast protocol was successfully developed and tested to efficiently assess 
peregrine occupancy of territories at LMNRA. 
 A predictive model of breeding habitat for peregrine falcons within LMNRA was 
developed, and used with call-broadcast in a successful test to rapidly assess areas for 
undocumented peregrine territories.  
 All field data associated with this project were entered into a database maintained and 
managed by LMNRA. Data collected through 2009 were shared by LMNRA with Clark 
County, as required by project funding. Quality assurance of the data met LMNRA and 
Clark County stipulations.  
 Reporting requirements associated with the MSHCP funding were facilitated, and 
included quarterly, annual, and biannual reporting of actions (both written and visual 
presentations), and project-specific data management plans.  
 No final report was required for the habitat modeling and mapping associated with the 
MSHCP funding; instead, final products were electronic files and associated metadata 
provided to LMNRA and submitted directly to Clark County (see Appendix 3a for a 
metadata summery report and example summary maps provided with the products).   
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 A final report on monitoring efforts conducted as part of the MSHCP funded project was 
completed by UNLV staff and provided to the NPS for submission to Clark County; the 
format of this report was stipulated by the County. This report also incorporated 2007 
survey information. The citation follows (see Appendix 3b for a copy of this report):  
 
Barnes J., and J. Jaeger, 2010. Peregrine Falcon Monitoring within LMNRA Mead 
National Recreation Area, 2008-2009. Final project report provided by the Public 
Lands Institute, University of Nevada, Las Vegas to the National Park Service, 
LMNRA Mead National Recreation Area and submitted to the Clark County Multiple 
Species Habitat Conservation Plan (MSHCP project no. 2005-NPS-475-P), Las 
Vegas, Nevada. 32 pp.  
 
 In addition, research associated with this project was used as part of a M.S. Thesis 
through the School of Life Sciences, UNLV.  The published thesis included summaries of 
demographic and ecological information through 2010, and an assessment of the call-
broadcast protocol and rapid assessment.  
 
 
Project 4. Assessment of Six Covered and Three Evaluation Bird Species  
 
This project was developed to provide information necessary for assessing the status of nine 
rare or cryptic bird species of conservation concern within Clark County, specifically: Bell’s 
vireo (Vireo bellii), Bendire’s thrasher (Toxostoma bendirei), blue grosbeak (Passerina 
caerulea), gray vireo (V. vicinior), Le Conte’s thrasher (T. lecontei), phainopepla 
(Phainopepla nitens), southwestern willow flycatcher (Empidonax traillii extimus), summer 
tanager (Piranga rubra), and vermilion flycatcher (Pyrocephalus rubinus). Many of these 
species are riparian specialists and LMNRA contains or abuts much of the remaining riparian 
habitat within Clark County.  
 
During this task agreement, UNLV had primary responsibility to implement research actions 
associated with two interrelated MSHCP funded projects managed by LMNRA. The first 
project (MSHCP project no. 2005-NPS-542-P) focused on intensive area surveys aimed at 
habitats thought to be occupied by the targeted species and was conducted in support of 
broader regional and statewide efforts to monitor these species. In addition, inventories and 
assessments of historical locations for the target species within Clark County were 
conducted, with the intent of assessing human impact on regional distributions. An associated 
project (MSHCP project no. 2005-NPS-609A-P) focused on developing predictive habitat 
suitability models for these species. The following objectives were met during this task 
agreement: 
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 Intensive area surveys aimed at habitats thought to be occupied by the targeted species 
were conducted at four sites per year over two spring seasons. The successful monitoring 
and habitat measurements at these sites supported regional efforts to assess the status of 
bird species throughout Clark County and Nevada.   
 Historical records for each species were compiled from multiple sources and 
georeferenced. Targeted field surveys were used to assess species presence at 154 of 
these locations, and to assess site condition in relationship to human disturbance.   
 General trends in habitat loss for each species resulting from urbanization were estimated 
from the loss of associated plant communities in relationship to estimates of the urban 
footprint in 1985, 1994 and 2006. 
 Conceptual models depicting the relationship between each species, habitat, and stressors 
were developed with the intent of informing the predictive habitat models and maps. 
 Habitat suitability models that predict the occurrence of the targeted species across Clark 
County were developed for each species. 
 All data associated with this project were entered into databases provided to LMNRA and 
shared by LMNRA with Clark County, as required by project funding. Quality assurance 
of these data met LMNRA and Clark County stipulations.  
 Reporting requirements associated with the MSHCP funding were facilitated, and 
included quarterly, annual, and biannual reporting of actions (both written and visual 
presentations), and project-specific data management plans.   
 No final report was required for the conceptual models or predictive habitat suitability 
models associated with the MSHCP funding; instead, final products were electronic files 
and associated metadata provided to LMNRA and submitted directly to Clark County. 
However, summary reports containing descriptions and depictions of the habitat models 
was developed and submitted as part of the metadata. Because modeling efforts differed 
substantially for one species (the southwestern willow flycatcher), different summary 
reports were produced (see Appendix 4a,b for the summary report).   
 A final report focused on the intensive area surveys and on the historical assessments was 
completed by UNLV staff and provided to the NPS for submission to Clark County; the 
format of this report was stipulated by the County. The citations follow follows (see 
Appendix 4c for a copy of this report):  
 
Fletcher D. M., J. R. Jaeger, and M. Bunyan 2010. Historical and Current Assessment of 
Six Covered and Three Evaluation Bird Species. Final project report provided by the 
Public Lands Institute, University of Nevada, Las Vegas to the National Park Service, 
LMNRA Mead National Recreation Area and submitted to the Clark County Multiple 
Species Habitat Conservation Plan (MSHCP project no. 2005-NPS-542-P), Las 
Vegas, Nevada. 53 pp.  
 
Close-Out Report for T.A. J8R07060012    Page 10 of 15 
 
 
 In addition, research associated with habitat modeling of the thrasher species was used as 
part of a M.S. Thesis through the School of Life Sciences, UNLV. 
 
 
Project 5.  Desert Tortoise Monitoring and Management. 
 
The desert tortoise (Gopherus agassizii) is federally listed as a threatened species, with 
declines principally attributed to human activities and to an emergent upper respiratory tract 
disease. In 1995, a long-term habitat conservation plan was implemented in Clark County, 
Nevada to mitigate detrimental impacts on tortoise habitat, primarily on federal lands (i.e., 
Desert Conservation Plan with provisions subsequently incorporated into the MSHCP). 
LMNRA represents tortoise habitat that is managed to mitigate the effects of human 
activities on tortoises in southern Nevada. Monitoring of tortoise populations and mitigating 
impacts of construction projects within LMNRA are required to ensure that tortoises and 
tortoise habitat are protected appropriately.   
 
During the initial phase of this task agreement (through September 30, 2007), UNLV 
personnel assisted with monitoring and mitigation activities associated with construction and 
right-of-way activities within LMNRA (compliance monitoring). These compliance activities 
focused on desert tortoises and desert tortoise habitat, but also included general efforts to 
protect other natural resources (including topsoil mitigation monitoring). Many of these 
actions were associated with Federal Highway Administration and NEPA mitigation. During 
that period:  
  
 A total of 11 construction projects were monitored for compliance actions. 
 All equipment and vehicles associated with these projects were inspected for potential 
introductions of weed plants. 
 Tortoise education classes were given to contract workers associated with the projects. 
 Tortoise clearance surveys were performed for five projects. 
 Topsoil procedures were monitored on a 15-acre-restoration area and oversight given for 
the placement and treatment of several hundred boulders. 
 An annual report for this task agreement was completed on September 30, 2007 and 
submitted to NPS that detailed compliance monitoring actions for desert tortoises under 
this task agreement.  
 A cooperative report summarizing soil treatment and boulder placement protocols used at 
LMNRA was completed on August 6, 2007 in collaboration with LMNRA compliance 
officer, Mike Boyles.  The citation for this report follows:  
 
LeNoue, D. 2007.  Desert Tortoise and Desert Tortoise Habitat Field Protocols During 
Construction Projects within LMNRA Mead National Recreation Area. Unpublished 
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cooperative report produced by the Public Lands Institute, University of Nevada, Las 
Vegas and the National Park Service, Lake Mead National Recreation Area, Boulder 
City, NV.  
 
The second phase of this project was intended to focus on a MSHCP funded project (MSHCP 
proposal no. 2005-NPS-545-P) to conduct population monitoring surveys at LMNRA. The 
funding required NPS resource managers at LMNRA to coordinate with the U.S. Fish and 
Wildlife Service to determine acceptable survey methodologies. Differences between desires 
to conduct local plot monitoring verses regional line-distance sampling delayed action, and 
eventually LMNRA turned down the funding associated with the MSHCP. In consultation 
with Mr. Ross Haley (NPS Agreement Technical Representative), the population surveys 
were eventually dropped as a deliverable from the task agreement. Instead, monitoring 
actions by UNLV personnel were shifted to provide technical field assistance to LMNRA fire 
crews in monitoring a burn within tortoise habitat, and to extending efforts on other projects 
under this task agreement (as described in this report).    
 
 
Project 6.  Shorebird Monitoring on Lakes Mead and Mohave 
 
LMNRA is centered on two large reservoirs, Lakes Mead and Mohave, which have altered 
225 river km along the Lower Colorado River, dramatically reforming habitat for aquatic 
birds. These lakes now appear to be important stopover habitats for migrating aquatic birds 
passing through the arid Southwest along the Pacific and Intermountain Flyways, and for 
some species these lakes have become wintering grounds.   
 
As part of a larger project funded through the Southern Nevada Public Lands Management 
Act, LMNRA commissioned a five-year field effort by UNLV personnel to inventory and 
seasonally monitor aquatic birds. The main priority was compiling a baseline inventory of 
aquatic bird species using Lakes Mead and Mohave. Secondary objectives were to provide a 
rough measure of the relative abundance of these species and an assessment of seasonal use 
by common species. The following objectives were met during this task agreement: 
 
 Monthly field surveys for aquatic birds at six intensively monitored sites on Lakes Mead 
and Mohave were conducted from March 2004 through August 2009.  
 An additional 60 exploratory and temporary site surveys were also conducted at various 
locations on the lakes, along with incidental counts of major assemblages of migrating 
aquatic birds. 
 In addition, two breeding colonies of rare snowy plovers were discovered and monitored 
for reproductive success during the 2007 and 2008 breeding seasons. 
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 All data associated with this project were entered into databases provided to LMNRA. 
Quality assurance of these data met LMNRA and Clark County stipulations.  
 Products for this effort included the development of a species list for professional and 
public use (see Appendix 5a for a depiction of the pamphlet). 
 A final report was completed which also included data collected under an earlier task 
agreement dating back to 2004; the citation follows (see Appendix 5b for a copy of this 
report): 
 
Barnes J., and J. Jaeger, 2011. Inventory and Monitoring of Shoreline and Aquatic Bird 
Species on Lakes Mead and Mohave: Final Report 2004-2009. Final project report 
provided by the Public Lands Institute, University of Nevada, Las Vegas to the 
National Park Service, LMNRA Mead National Recreation Area, Boulder City, 
Nevada. 39 pp. 
 
 
Project 7:  Desert Bighorn Sheep Habitat Use Monitoring in Relation to Highway 
Development 
 
This project was part of an ongoing Federal Highways Administration funded project to 
monitor desert bighorn sheep in the vicinity of the Hoover Dam Bypass project and to assess 
whether and how bighorn sheep movements were affected by construction activities.  Global 
Positioning System (GPS) collars were deployed on individual sheep, which provide a 
running accumulation of sheep locations that require weekly downloading via satellite for 
analysis.  
 
UNLV was not the lead on this research, but instead provided technical assistance during the 
initial phase of this task agreement (through 2008). UNLV personnel predominately 
conducted data processing and stewardship. Some assistance was provided to the LMNRA 
GIS/data management team in the development of summary GIS products. Field support was 
also provided to investigate mortality signals and to locate and retrieve satellite collars as 
these were remotely released from the animals.  
 
 Data received from the GPS collars were uploaded approximately every week into the 
program Argos Data Converter T03 (Telonics, Inc.) and then exported to a spreadsheet 
and converted into a usable format for ArcGIS.  
 In ArcGIS, data were quality-assured to remove extraneous information and to filter out 
bad fixes. Data were then checked to identify potential mortalities or collar malfunctions. 
 All data associated with this project were entered into databases provided to LMNRA 
GIS/data management team.  
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 Mortalities were investigated and efforts made to retrieve collars following the 
programmed release of collars from the animals.  
 
 
PROFESSIONAL DISSEMINATION OF FINDINGS 
 
Information gather under this task agreement has been used in numerous formal presentations 
given at meeting of ecologists, resource managers and the general public. Citations of these 
presentations follow. This list does not include annual presentations given to the MSHCP 
associated with the funding for each project, nor does it include guest lecturers given to 
university classes.     
 
Update on the Status of the Relict Leopard Frog. Jaeger J. R., and Haley R. Presentation, Colorado 
River Terrestrial and Riparian Meeting, January 25-27, 2011. Laughlin, NV. 
Do Geothermal Ecosystems Provide Amphibians with Refuge from Chytridiomycosis? Forrest M. J., 
Jaeger J. R., and Schlaepfer M. A. Presentation, California-Nevada Amphibian Populations 
Task Force meeting January 6-7, 2011. Yosemite National Park, CA. 
An Ecological Study of Peregrine Falcons: A Local Contribution to a Continent-wide Success Story 
in Conservation Biology.  Barnes J. G. Public Presentation of M.S. Thesis, School of Life 
Sciences, November 17, 2010, University of Nevada, Las Vegas.  
Call-Broadcast Surveys as an Effective Tool for Detecting Breeding Peregrine Falcons (Falco 
peregrinus). Barnes J. G., Jaeger J. R., and Thompson D. Presentation, Raptor Research 
Foundation Annual Conference September 22-26, 2010.  Fort Collins, CO.  
Habitat Use and Breeding Success of Peregrine Falcons at LMNRA Mead National Recreation Area.  
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Publication of the information collected under this task agreement has been limited to date, 
but several manuscripts are in preparation with the expectation of publication over the next 
couple years. The following is a list of publications directly associated with the research and 
monitoring efforts under this task agreement. As noted above information from two of the 
projects has been published as M.S. theses.  
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SUMMARY 
 
 Nocturnal and diurnal visual encounter surveys were completed (annual survey requirements)  
 PIT tag surveys for population estimation initiated at Upper Blue Point and Rogers Springs 
 No frogs have been seen at Rogers Spring and few frogs have been seen at Blue Point 
 A total of 1365 tadpoles and 592 post-metamorphic frogs were released at translocation sites 
 Discovery of Relict Leopard Frogs in a side canyon of the previously inaccessible Black Canyon 
Spring (near Salt Cedar Spring) 
 Lower Grapevine Spring, NV (a translocation site) dried completely during summer 
 Thirteen springs in Gold Butte and one in Black Canyon visited to assess potential as translocation 
sites 
 Photo points established and photos taken at sites at least twice this year 
 EPMT crew reduced tamarisk at Black Canyon sites  
 Habitat modification experiments initiated to improve conditions at Upper Blue Point and Rogers 
Springs, as part of a UNLV research project funded by MSHCP 
 LMNP fire crews implemented burn plan in association with the UNLV project at four selected 
sites along lower Rogers Spring  
 
MONITORING OF NATURAL SITES  
 
 During this year, diurnal and nocturnal visual encounter surveys (VES) were conducted at all 
natural Relict Leopard Frog sites, including one previously inaccessible site, and all experimental sites 
but Sugarloaf Spring (14 sites, 135 surveys total).  The main findings of interest were that we observed 
signs of reproduction (eggs and tadpoles) at all of the natural Rana onca sites in the Black Canyon 
which had been severely impacted by floods and associated debris flows in October 2006.  Several 
sites have already yielded a new cohort of metamorphs, including Bighorn Sheep Spring, Salt Cedar 
Spring, and the previously inaccessible Black Canyon Spring.  Habitat conditions at Bighorn Sheep 
Spring have not recovered from the flood event and counts at this site continue to be low.  A newly 
discovered side channel in the Black Canyon Spring drainage also harbors R. onca.   
 
 No R. onca have been observed this year at Rogers Springs, while two frogs were observed at 
Lower Blue Point Spring during several surveys.  Mark-recapture estimates of the populations of R. 
onca at upper Blue Point Spring are in the low teens.  All surveys for R. onca were conducted by at 
least one trained biologist with experience in amphibian surveys.  
 
 Data from surveys at natural sites are summarized for this year in Tables 1-3.  Below is a 
summary of annual observations and findings at each of these sites.   
 
Black Canyon Sites 
 
Bighorn Sheep Spring, NV:  Nine diurnal and two nocturnal VES were conducted at this site.  All life 
stages of R. onca were observed over the course of these surveys.  On 1/17/07 over 500 tadpoles were 
observed; many of these tadpoles overwintered.  Metamorphs were observed on 3/22/07.   We were 
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pleasantly surprised to find a R. onca egg mass at one of the remaining pools at this site in September.  
Herbacious vegetation at this site is trying to make a comeback after the scouring from the October 
2006 storms; however, few pools currently exist in the system, and stretches of the system remain 
under gravel with no or little surface flow.  The largest count at this site was 63 frogs.  Photos were 
taken at photo points on 7/31/07 and11/09/07.  All of the life stages of Bufo punctatus (Red-spotted 
Toad), except egg masses, were also observed at this site this year.   
 
 The National Park Service Exotic Plant Management Team (EPMT) was in the canyon on 
2/06/07 removing tamarisk, and pools and other frog-sensitve areas were marked for the crew 
members to avoid while removing vegetation and applying herbicide.   
  
 A total of 7 egg masses were brought from this site to the laboratory at Lake Mead National 
Recreation Area (LMNRA) in Boulder City for translocation efforts.  One R. onca egg mass was 
brought back on 2/06/07.  This mass had 551 eggs (egg masses were counted by keeping the mass in a 
hatchery basket in the lab during development and then counting hatchlings once they emerged and 
then adding the number of dead eggs and embryos still in the mass).  Two egg masses were brought 
into the lab on 2/20/07 (184 and 457 eggs, respectively) and 4 egg masses were brought into the lab 
from this site on 3/09/07 (348, 269, 383 and 409 eggs each).   
 
Boy Scout Spring, NV:  Four diurnal and two nocturnal VES were conducted at this site.  All life 
stages of R. onca but juveniles were observed during these surveys.  The survey on 01/20/07 was 
conducted as part of Amphibian Population Task Force field trip.  Adult and juvenile B. puncatus were 
also observed at this site this year.  Steady rains on 2/19/07 caused several of the pools in the canyon 
to fill in and made the already tiny pool where the eggs were laid and tadpoles were found even 
smaller.  This site, however, appears to have weathered the flooding well and counts remain similar to 
surveys in previous years (Tables 1and 2).  Photo points were taken 2/20/07 and 11/14/07. 
 
Dawn’s Canyon, NV:  Four diurnal and two nocturnal VES were conducted at this site, and adults, 
larvae and eggs were observed.  On 2/20/07 large blowouts in the canyon walls were observed in the 
lower third of the canyon, likely a result of steady rains on 2/19/07.  Two adult B. punctatus were also 
seen at this site in the spring.  Photos were taken at photo points 2/20/07 and 11/14/07. 
 
Salt Cedar Spring, NV:  Eight diurnal and two nocturnal VES were conducted at this site.  All life 
stages, including one hatched egg mass observed on 3/9/07, were observed during these surveys.  
Tadpoles were observed at varying developmental stages; it appears that several of them overwintered.  
Metamorphs from the overwintering R. onca tadpoles were observed on 3/9/07 and 3/22/07.  Crayfish 
remained very abundant in the stream and pool at the base of the survey area near the confluence with 
the Colorado River, but have not moved up over a dry stretch and earthen dam into upper portions of 
the stream.  Adult B. punctatus were observed in all but 2 surveys at this site this year.  The vegetation 
is beginning to comeback, in the form of cattails and tamarisk, with a small amount of herbaceous 
vegetation.  In general, habitat along this stream continues to appear favorable for R. onca.  Photos 
were taken at photo points 2/16/07, 7/31/07 and 11/9/07.  While the EPMT crew was in the canyon 
doing tamarisk removal on 2/6/07, a new path was cut through the vegetation around the lower 
crayfish pool to ease access and improve survey conditions.    
 
Black Canyon Spring (formerly referred to as Salt Cedar Canyon, NV):  Seven diurnal and two 
nocturnal VES were conducted at this site.  No frogs, tadpoles or egg masses were seen until 2/16/07 
survey.  Frogs and tadpoles of R. onca have been seen in a small side pool off the main channel and 
one egg mass has been seen.  Bufo punctatus have been present on most surveys at this site.  On 
2/06/07, the EPMT crew removed and applied herbicide to tamarisk along the main drainage  
Tamarisk is making a very strong comeback, however,  with thousands of seedlings sprouted and 
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some already a couple of feet tall, especially at the lower end of the canyon.  This area is supposedly 
on the annual rotation of the EPMT.  A new ‘hot tub” pool has been constructed by park visitors at the 
upper end of the survey area.  Photos were taken at photo points on 2/16/07, 7/31/07 and 11/9/07. 
   
Black Canyon Spring Side Canyon, NV:  This cold water site is a newly discovered area off of the 
main Black Canyon Spring drainage and consists of a side canyon that opens into what was formerly 
referred to as Salt Cedar Canyon.  Although part of the main Black Canyon Spring system, we report 
on surveys of this area separately at this time to facilitate our understanding of the system.  Seven 
diurnal and two nocturnal VES were conducted at this site this year.  Several large, slow pools which 
looked like good frog habitat were observed.  No frogs were seen or heard until 3/9/07, although the 
EPMT crew reported hearing frogs calling during the second week of February while they were 
controlling tamarisk in this canyon.  Adults, juveniles, tadpoles and eggs have been observed here 
during the surveys.  Herbaceous vegetation has grown in densely, especially in the upper stretch of the 
survey area.  Bufo punctatus were seen at this site in May.  Photos were taken at photo points 7/31/07 
and 11/9/07. 
 
 
Table 1.  Summary of Rana onca observed at natural sites in the Black Canyon during nocturnal 
visual encounter surveys conducted this year.  Temperatures (degrees C) are ambient air temperature 
during surveys (Temp
A
) and water temperature (Temp
W
) generally taken at sites where eggs (E), 
tadpoles (L), or adult (A) or juvenile (J) frogs were seen.   
 
Site Date Temp
A
 Temp
W
 A J L E 
Bighorn Sheep Spring 4/19/2007 19.4 10 63 0 300+ 0 
 10/30/2007 25.5 17 44 7 2 0 
Boy Scout Canyon Spring 5/8/2007 26.2 15 13 0 0 0 
 10/30/2007 25.3 17 20 0 0 1 
Dawn's Canyon Spring 5/8/2007 25.7 17 3 0 0 0 
 10/15/2007 26 17 1 0 7 0 
Salt Cedar Canyon Spring 5/2/2007 26.5 18 21 15 2 0 
 10/17/2007 24.8 21 22 2 0 0 
Black Canyon Spring 5/2/2007 28 18 16 1 0 0 
 10/17/2007 23.4 28 5 0 0 0 
Black Canyon Spring Side 5/2/2007 27.8 15 21 1 0 0 
 10/17/2007 23 16 14 9 0 0 
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Table 2.  Summary of Rana onca observed at natural sites in the Black Canyon during diurnal visual 
encounter surveys conducted this year.  Temperatures (degrees C) are ambient air temperature during 
surveys (Temp
A
) and water temperature (Temp
W
) generally taken at sites where eggs (E), tadpoles (L), 
or adult (A) or juvenile (J) frogs were seen.   
 
 
Site Date Temp
A
 Temp
W
 A J L E 
Bighorn Sheep Spring 1/17/2007 12.6 15-18 3 0 500+ 0 
 2/6/2007 15.6 16 3 0 300+ 6 
 2/16/2007 19.7 19 5 0 300+ 2 
 2/20/2007 17.8 19 3 0 300+ 4 
 3/9/2007 29.9 23 6 1 200+ 5 
 3/22/2007 27.0 24 10 1 300+ 1 
 7/31/2007 34.2 24 5 2 1 0 
 9/27/2007 32 19 2 0 300+ 1 
 11/09/2007 26.3 12 1 0 9 0 
Boy Scout Canyon Spring 1/12/2007 8.8 15 4 0 0 0 
 1/20/2007 12.1 18 4 0 0 1 
 2/20/2007 16.2 18 4 0 1 1 
 11/14/2007 17 24.1 4 0 0 0 
Dawn's Canyon Spring 1/12/2007 8.2 15 1 0 0 0 
 2/20/2007 14.2 18 2 0 0 0 
 3/22/2007 22.2 20 2 0 0 1 
 11/14/2007 24.3 15 0 0 0 0 
Salt Cedar Canyon Spring 1/17/2007 12.6 18-25 3 0 56 0 
 2/6/2007 22.6 25 5 0 60+ 0 
 2/16/2007 13.6 18.5-23 1 0 51 0 
 3/9/2007 27.6 27 2 6 300+ 0 
 3/22/2007 27 24 2 3 300+ 0 
 7/31/2007 29.8 27 5 3 0 0 
 9/27/2007 28.9 26 7 0 0 0 
 11/9/2007 26.1 24 5 0 0 0 
Black Canyon Spring 1/17/2007 14.1 24 0 0 0 0 
 2/6/2007 21.9 8 0 0 0 0 
 2/16/2007 12.7 11-13.5 3 0 0 0 
 3/9/2007 25.7 13.5 3 0 12 1 
 3/22/2007 23 17 1 0 25 0 
 7/31/2007 32 31 1 0 0 0 
 11/9/2007 26.2 29 0 0 0 0 
Black Canyon Spring Side 2/16/2007 12.7 11 0 0 0 0 
 3/9/2007 25.7 13.5 3 0 0 0 
 3/22/2007 23 17 3 0 0 3 
 7/31/2007 32.4 23.5 4 3 48 0 
 9/27/2007 26.9 18 3 8 0 0 
 11/9/2007 24.1 14 2 5 0 0 
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Northshore Spring Complex  
 
Blue Point Spring, NV:  Fourteen diurnal and twenty-four nocturnal VES were conducted on the upper 
spring stretch (upper Blue Point Spring), and three diurnal and five nocturnal VES were conducted on 
the lower spring stretch (lower Blue Point Spring).  No frogs were observed during the diurnal surveys 
at either the upper or lower stretches of the stream until November, while frogs were observed in the 
spring and fall at upper Blue Point Spring and in the fall at lower Blue Point. The number of frogs 
observed at this site remains low (Tables 3).  Weekly diurnal surveys at upper Blue Point began in 
October, in search of egg masses.  Photos were taken at photo points at upper Blue Point on 2/3/07 and 
10/6/07, and at lower Blue Point 2/5/07 and 11/12/07. 
 
 As part of a research project, experimental vegetation modifications were conducted by 
UNLV personnel with field crew assistance from the Nevada Conservation Corps (NCC) along the 
upper stretch of the spring in early February and again in mid November 2007.  Experimental sections 
of lower Blue Point were also cut in November (details of these cuts will be reported as part of the 
separated UNLV project).  Additionally, as part of the habitat experiments, a fish-free channel was 
created near Northshore Road at upper Blue Point Spring in early spring and has been maintained 
through the year.  An additional shallow pool was constructed near the historical dam further upstream 
in mid-summer; this latter pool was considered a failure because fish were able to colonize, although 
the site appears to be good adult habitat.    
 
 Mark-recapture efforts at this site have also been conducted with the assistance of Matt 
Graham, PhD candidate at UNLV, as part of the habitat manipulation experiments; these data will also 
be reported elsewhere, but in general the estimated number of adult frogs along this system appears to 
be in the low teens, far lower than estimates reported in the 1990s (survey data from this effort are 
included in Table 3).   
 
 A turtle with carapace diameter of approximately 8 inches was observed at this site on 4/5/07; 
this was probably a newly released pet. Although positive identification was not made, it was 
determined to probably be a slider and definitely not a soft-shelled turtle.  We were unable to capture 
it. 
 
Rogers Spring, NV:  Two diurnal and five nocturnal VES were this year at this site.  No R. onca were 
observed during these surveys.  There were almost no sites along this system, outside those included in 
habitat experiments discussed below, that can be considered good quality habitat for these frogs.  One 
Bufo woodhousii (Woodhouse Toad) was heard calling and one B. punctatus was observed on 4/6/07, 
and one B. woodhousii was heard calling on 4/9/07.  Photos were taken at photo points 11/19/07. 
 
 Habitat modifications at lower Rogers Spring were also conducted at this site in November as 
part of the UNLV research efforts.  Several 10 m stretches of sawgrass (Cladium) were mechanically 
cut  and organized to border sections of spring reaches as part of an experimental burn plan aimed at 
improving habitat conditions for R. onca.  The burn plan was initiated on 12/13/07, with Lake Mead 
Fire Crews and members of the Lake Mead vegetation crew and UNLV collaborators present.  Four 
sections (each about 30-40 m in leaner length) of sawgrass-dominated riparian area near the telephone 
pole road were burned (specifics on the burns along with vegetation response monitoring will be 
reported as part of the UNLV study). 
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Table 3. Summary of Rana onca observed at Blue Point and Rogers Springs during visual encounter 
surveys conducted this year.  Surveys include those conducted as a mark-recapture study to estimate 
population sizes.  Temperatures (degrees C) are ambient air temperature during surveys (Temp
A
) and 
water temperature (Temp
W
) generally taken at sites where eggs (E), tadpoles (L), or adult (A) or 
juvenile (J) frogs were seen.   
Site Time        Date Temp
A
 Temp
W
 A J L E 
Upper Blue Point Spring Diurnal 2/3/2007 3.6 24.5 0 0 0 0 
 Diurnal 2/5/2007 18.9 23 0 0 0 0 
 Diurnal 2/15/2007 19.8 23 0 0 0 0 
 Diurnal 2/22/2007 24.2 29 0 0 0 0 
 Diurnal 10/16/2007 27.7 18 0 0 0 0 
 Diurnal 10/22/2007 22.2 22 0 0 0 0 
 Diurnal 10/29/2007 19.5 22 0 0 0 0 
 Diurnal 11/5/2007 24.2 22 2 0 0 0 
 Diurnal 11/12/2007 23.5 22 0 0 0 0 
 Diurnal 11/19/2007 25.6 22 2 0 0 0 
 Diurnal 11/26/2007 21.7 20 2 0 0 0 
 Diurnal 12/06/2007 15.5 23 0 0 0 0 
 Diurnal 12/14/2007 10.6 18 0 0 0 0 
 Diurnal 12/28/2007 12 - 0 0 0 0 
 Nocturnal 3/21/2007 19.9 28 2 0 0 0 
 Nocturnal 4/5/2007 29.9 29 2 0 0 0 
 Nocturnal 4/9/2007 23.2 27 3 0 0 0 
 Nocturnal 4/17/2007 24.5 14 2 0 0 0 
 Nocturnal 5/6/2007 22.5 21 3 0 0 0 
 Nocturnal 5/17/2007 29.3 - 4 0 0 0 
 Nocturnal  5/23/2007 - - 4 0 0 0 
 Nocturnal 5/30/2007 31 - 5 0 0 0 
 Nocturnal 6/7/2007 24 - 5 0 0 0 
 Nocturnal 6/15/2007 33.7 - 4 0 0 0 
 Nocturnal 6/20/2007 32.2 - 6 0 0 0 
 Nocturnal 6/28/2007 31.5 - 6 0 0 0 
 Nocturnal 7/12/2007 34.8 - 0 0 0 0 
 Nocturnal 7/19/2007 36.6 - 0 0 0 0 
 Nocturnal 7/25/2007 30.6 - 3 0 0 0 
 Nocturnal 8/2/2007 32.2 - 1 0 0 0 
 Nocturnal 8/11/2007 36.1 - 1 0 0 0 
 Nocturnal 8/28/2007 30.8 24 0 0 0 0 
 Nocturnal 9/12/2007 31.7 - 2 0 0 0 
 Nocturnal 10/10/2007 19.2 18 6 0 0 0 
 Nocturnal 10/17/2007 20.7 - 6 0 0 0 
 Nocturnal 10/24/2007 20.8 - 3 0 0 0 
 Nocturnal 11/2/2007 21.7 - 5 0 0 0 
 Nocturnal 11/17/2007 15.4 - 4 0 0 0 
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Table 3. continued 
 
 
MONITORING OF EXPERIMENTAL TRANSLOCATION SITES 
 
 Surveys of experimental sites were conducted in the same fashion as at the natural sites.  
Surveys during the spring were conducted prior to any translocation conducted for the year. A total 
one of 31 VES surveys (diurnal and nocturnal) were conducted at the 6 sites.  No surveys were 
conducted at Sugarloaf Spring, as it had dried last year.  Surveys of Lower Grapevine Spring revealed 
that the site had dried over the summer.   Adults and tadpoles were seen at all sites this year, and egg 
masses were seen at all but Tassi and Lower Grapevine Springs.  Data from surveys at experimental 
sites are summarized in Tables 4-5.  Below is a summary of observations and findings at each of these 
sites this year.   
 
Goldstrike Canyon, NV:  Five diurnal and two nocturnal VES were conducted at this site.  No 
amphibians were seen until 2/20/07.  We have observed all but the juvenile stage of development at 
this site this year. Adult and juvenile B. punctatus have been observed on surveys this year since 
2/20/07.  Photos were taken at photo points on 2/20/07 and 11/14/07. 
 
Grapevine Spring (Meadview), AZ:  Four diurnal and two nocturnal VES were conducted at this site. 
There were still ice patches in the lower third of the survey stretch in January.  All but the egg masses 
of R. onca have been observed at this site, although something resembling a hatched R. onca egg mass 
was observed on 4/13/07.  One juvenile Hyla arenicolor (Canyon Treefrog), several H. arenicolor 
eggs and thousands of unidentified recently hatched tadpoles were also observed on 4/13/07.  Three 
adult Bufo punctatus were seen on the nocturnal survey on 4/23/07.  Photos were taken at photo points 
on 1/25/07 and 11/11/07.   
 
Lower Grapvine Spring, NV:  Two diurnal and two nocturnal VES were conducted at this site.  The 
spring nocturnal survey revealed adult and larval R .onca (presumably the larvae overwintered from 
their late summer introduction), but the site was dry when visited for another nocturnal survey in 
October and no frogs were observed.  At this time, we are recommending that this site no longer be 
considered for translocations but further surveys will be conducted to determine if frogs survive the 
Lower Blue Point Spring Diurnal 2/5/2007 18.9 27 0 0 0 0 
 Diurnal 2/15/2007 19.8 27 0 0 0 0 
 Diurnal 11/27/2007 17 19 2 0 0 0 
 Nocturnal 5/13/2007 24.2 19 0 0 0 0 
 Nocturnal 5/17/2007 31.6 - 0 0 0 0 
 Nocturnal 5/22/2007 17.4 19.5 0 0 0 0 
 Nocturnal 8/28/2007 30.1 20 0 0 0 0 
 Nocturnal 10/10/2007 24.6 15 2 0 0 0 
Rogers Spring Diurnal 2/15/2007 21.2 19 0 0 0 0 
 Diurnal 11/19/2007 25.7 12 0 0 0 0 
 Nocturnal 4/6/2007 18.1 24 0 0 0 0 
 Nocturnal 4/9/2007 23.4 22 0 0 0 0 
 Nocturnal 5/6/2007 20.7 13 0 0 0 0 
 Nocturnal 10/11/2007 21 15 0 0 0 0 
 Nocturnal 11/8/2007 19.9 9 0 0 0 0 
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dry period.  The EPMT crew was at the site on 1/29/07 for tamarisk control.  Photo points were taken 
1/29/07 and 11/6/07. 
 
Pupfish Refuge Spring, NV:  Three diurnal and two nocturnal VES were conducted at this site.  All 
life stages of R. onca have been observed this year.  Major road reconstruction occurred at this site 
during the early part of this year, including excavation of the ditch alongside the road which once 
provided adult and breeding habitat for frogs seen on previous surveys.  Because of hazards associated 
with road construction, site visits were restricted by the construction company and BOR until after 
road completion in late February.  In March, a paved road had replaced the dirt road the goes under the 
bridge to the launch.  The culvert under the road just below the pupfish refuge was redirected and large 
grates were installed there and down where the large pool in the roadside drainage ditch at the bottom 
of the hill used to be.  A steep-sided ditch has been dug on the side of the road.  These conditions do 
not appear to provide the same quality of habitat as previous, especially the loss of the large roadside 
ditch pond where egg masses and tadpoles were previously observed.  On 11/28/07, an NCC crew was 
coordinated to open up the habitat in the stretch of stream below the new road and ponding in that area 
was improved.  Photos were taken at photo points on 3/2/07 and 11/7/07. 
 
Red Rock Spring, NV:  Three diurnal and two nocturnal VES were conducted at this site.  Several 
stretches of the stream still had thick layers of ice on top during the January survey.  All but the 
juvenile stage of development of R. onca were observed on the second visit.  One adult, over 300 
larvae, and 2 new sets of egg strands of B. woodhousii(/microscaphus) were observed during the 
March survey.  An adult toad was captured that exhibited B. woodhousii characteristics.  Cows were 
present and abundant at the site during the surveys.  New egg masses and tadpoles of R. onca were 
observed during the October survey.  Photos were taken at photo points on 1/23/07 and 11/7/07. 
 
Sugarloaf Spring, AZ:  This site was not surveyed during this period and has been discontinued as a 
translocation site because of drying as previously noted.  
 
Tassi Spring, AZ:  Two diurnal and two nocturnal VES were conducted at this site.  Two juvenile R. 
onca we observed in the water tank in front of the homestead, and tadpoles were observed in the tank 
late in the year.  Rana onca were heard calling from that tank in November of this year. This site only 
received its first juvenile frogs in August 2006, and adult R. onca have been seen consistently since 
then. Bufo woodhousii, B. punctatus and H. arenicolor were observed and were calling in the lower 
outflow of the stream below the fence in April 2007.  Photos were taken at photo points on 1/23/07 
and 11/7/07. 
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Table 4. Summary of Rana onca observed at experimental sites during diurnal visual encounter 
surveys conducted this year.  Temperatures (degrees C) are ambient air temperature during surveys 
(Temp
A
) and water temperature (Temp
W
) generally taken at sites where eggs (E), tadpoles (L), or adult 
(A) or juvenile (J) frogs were seen.   
 
 
Table 5. Summary of Rana onca observed at experimental sites during nocturnal visual encounter 
surveys conducted this year.  Temperatures (degrees C) are ambient air temperature during surveys 
(Temp
A
) and water temperature (Temp
W
) generally taken at sites where eggs (E), tadpoles (L), or adult 
(A) or juvenile (J) frogs were seen.  *Note that Lower Grapevine Spring was dry when visited in 
October for survey. 
 
Site Date Temp
A
 Temp
W
 A J L E 
Goldstrike Canyon 1/12/2007 7.5 30 0 0 0 0 
 1/21/2007 12 26 0 0 0 0 
 2/20/2007 12.6 18 1 0 26 0 
 3/4/2007 18.4 20 1 0 300+ 2 
 11/14/2007 25.1 20 0 0 0 0 
Grapevine Spring, AZ 1/25/2007 20.7 8 0 0 0 0 
 3/6/2007 22 11 6 1 0 0 
 4/13/2007 18.3 17 2 3 2 12 
 11/11/2007 22.6 9 6 2 0 0 
Lower Grapevine Spring, NV 1/29/2007 17 8 0 0 0 0 
 4/5/2007 24.9 19 0 0 0 0 
Pupfish Refuge 1/3/2007 18.6 25 8 0 8 3 
 3/2/2007 17.2 24 5 1 35 2 
 7/28/2007 27.1 26 1 0 0 0 
Red Rock Spring 1/23/2007 20.5 9.5 0 0 0 0 
 3/28/2007 16 18 0 0 300+ 3 
 11/7/2007 23.7 9 4 0 0 0 
Tassi Spring 1/23/2007 21.4 15.5 0 2 0 0 
 11/7/2007 25.7 16 16 0 23 0 
Site Date Temp
A
 Temp
W
 A J L E 
Goldstrike Canyon 4/19/2007 22.6 25 8 1 7 0 
 10/15/2007 26.2 23 10 0 0 0 
Grapevine Spring, AZ 4/24/2007 18.5 13 11 2 50 0 
 10/14/2007 23.8 11 32 2 11 0 
Lower Grapevine Spring, NV 4/22/2007 20.3 12 4 0 100+ 0 
 10/31/2007* 25.3 - 0 0 0 0 
Pupfish Refuge 5/4/2007 22.6 15 18 0 10 0 
 10/4/2007 29 23 23 0 0 0 
Red Rock Spring 5/16/2007 28.4 17 22 0 0 0 
 10/2/2007 18.9 15 21 0 125 1 
Tassi Spring 4/25/2007 21.3 15 4 0 0 0 
 10/2/2007 20.2 19 18 0 5 0 
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HEAD-STARTING AND TRANSLOCATIONS 
  
  A total of seven egg masses from Bighorn Sheep Spring were brought whole into the 
laboratory as part of the translocation program.  Bringing whole masses into the lab enabled us to 
count numbers of eggs per egg mass and given poor conditions of pools at the source spring (Bighorn 
Sheep Spring), we felt this approach was better than leaving large numbers of tadpoles within 
inadequate habitat at that site.  From the egg masses, 520 tadpoles were taken to the Willow Beach 
Fish Hatchery on 19 February 2007 and 575 tadpoles on 7 March 2007 for a total of 1095 tadpoles 
being reared at Willow Beach.  A total of 2206 tadpoles were hatched from eggs for rearing at the 
National Park Service facility in Boulder City.   
 
 Releases began on April 19 and were completed by May 16, 2007.  A total of 1365 tadpoles 
and 592 frogs were released to augment six established translocation sites (Table 6).  Although efforts 
are underway, no new translocation sites were permitted this year.  
 
Table 6.  Tadpole and post-metamorphic frog release data for Relict Leopard Frog translocation 
program during 2007. 
 
Date Translocation Site Tadpoles 
Released (n) 
Frogs 
Released (n) 
Total 
4/19/07 Goldstrike Canyon 250 0 250 
4/25/07 Grapevine, AZ 820 0 820 
4/22/07 Lower Grapevine Spr, NV 295 250 545 
4/25/07 Tassi Spring 0 226 226 
5/5/07 Pupfish Spring 0 38 38 
5/16/07 Red Rock Spring 0 78 78 
 
 
Egg Mass Oviposition Site Study 
 
 In addition to management actions, research has been initiated to better understand oviposition 
site selection.  Data collection focuses on the areas in which R. onca  oviposit, and includes pool or 
pond size in which the egg masses are laid, canopy cover, substrate, vegetation, as well as the material 
to which the egg masses are attached and general size of the egg mass. Currently, data collected on 40 
egg masses from 8 sites are being analyzed.   
 
Translocation Site Reconnaissance 
 
 On March 27, 28 2007, Marc Maynard of the BLM guided UNLV personnel to several springs 
in the Gold Butte area to consider as possible translocation sites for R. onca.  None of the sites were 
considered ideal, but several had some potential for successful translocations and will be brought to 
the attention of the Relict Leopard Frog Conservation Team for consideration.  On July 8, 9 2007, 
revisits were made to Red Bluff Spring, Cataract Spring, Bear Paw Poppy Springs, and Quail Spring 
to assess the sites for water availability.  All but Red Bluff Spring seemed to have as much water at 
sites when first visited in the spring.  Sites visited and observations are summarized in Appendix 1.  In 
terms of habitat, Quail Spring is the most promising of the sites visited, and Mr. Maynard has initiated 
compliance activity towards future translocation. 
 
 On recommendation from Joe Hutcheson, GIS, NPS, Mike Burrell (NDOW) and Dana Drake 
surveyed Nevada Falls, approximately 200m upstream of Bighorn Sheep Spring, on 9/27/07.  There 
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were a few small pools in a narrow rock canyon, with long stretches of dry area between the pools.  
The site appears to get repeatedly scoured during rains.  There was little vegetation or other habitat for 
R. onca.  About 50 newly metamorphosed B. punctatus were present during the survey.  
 
 
OTHER ACTIVITIES 
 
Habitat Improvement Study 
 
 A UNLV project titled, Habitat Manipulations for Relict Leopard Frogs (Rana onca), headed 
by Jef Jaeger and funded by the MSHCP (project number 2005-UNLV-597-P) was initiated on 
January 16, 2007 at Blue Point and Rogers Springs.  Actions include vegetation cutting to improve 
adult habitat and construction of fish-free breeding pools.  Survey activities associated with this 
project that overlap with R. onca monitoring surveys were reported above.  Quarterly reporting is 
being provided by UNLV to Clark County and is available for public access; other summary reporting 
will be provided to the County and made available to the RLFCT.   These reports are being complied 
for the NPS as part of the documentation of R. onca management.  
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Appendix 1.   Observations and comments on springs within Gold Butte Area that were evaluated for translocations in March 2007.  Asterisks 
indicate that sites need to be revisited in summer to evaluate water persistence.   
 
Sites Date Easting Northing Elev. (ft) Fish Crayfish Potential Comments 
Cataract Spring 3/27/07 741063 4012537 2052 no no moderate* 
Unsure of H2O persistence (currently ~ 1 gal/sec).  Few 
cattails, abundant tamarisk, few pools 
Quail Spring 3/27/07 744720 4016973 2604 no no high 
Single small pool, cattle use, dense aquatic vegetation, 
could hold a few frogs; pool needs to be dug out 
Grapevine 
Spring 3/27/07 754669 4014004 4326 no no low 
Unsure of H2O persistence, limited flow, patchy pools, 
some deeper, base usually has 3-4m deep pond but dry 
at this visit.  Elevation concern. 
Falls Spring 3/27/07 752540 4014690 4115 no no low 
Drain high elevation area.  Abundant flow, little pooling. 
Probably dries down to just the spring on topo map.  
Some cattails, pools in the area.  Jeep trail follows and in 
stream bed.  Elevation concern. 
Summit Spring 3/27/07 758991 4016942 3817 no no low Very small stream, heavy vegetation, not much pooling.  
Connoly Spring 3/27/07 760134 4014521 3363 no no low 
 No water in spring, just one 5m diameter tank with 
0.6m deep water. 
Red Bluff 
Spring 3/28/07 746144 4038626 1611 no no moderate* 
Open shallow stream with several pools greater than 
25cm deep, with cattails.  Water feeding from several 
springs.  Jeep trail heavily used through watered areas 
with high frog squash factor.  
Lower Red 
Bluff Spring 3/28/07 745477 4038487 1540 no no low 
One large pool (0.5m deep); stream mostly within ORV 
and flash flood narrow drainage.  Frogs from Red Bluff 
would likely end up here. 
Bear Paw 
Poppy Spring 3/28/07 744080 4036108 1499 no no low 
NW side of Lime Ridge Wilderness, not marked on 
maps, near NPS & BLM border. Multiple drainages, 
dense Typha and tamarisk. 
next to Bear 
Paw Poppy 
Spring 3/28/07 744044 4035919 1501 no no moderate* 
NW side of Lime Ridge Wilderness, not marked on 
maps, near NPS & BLM border.  Nutrient rich water, 
burro, cattle use.  Typha abundant.  Less than 100m of 
habitat. Vegetation management necessary before/after 
release. 
near Red Rock 
Spring site 3/28/07 749410 4039084 1800 no no low 
Approx 0.5m from existing translocation site.  Water 
variable and spotty; intermittent flow which may or may 
not persist throughout the year.. 
Overflow near 
Juanita Spring 3/28/07 745199 4058156 2040 no no low 
Very difficult terrain to navigate, H2O socked in with 
dense vegetation, steep, high velocity, no apparent 
pools, not likely candidate for translocation site. 
Cottonwood 
pool near 
Juanita Spring 3/28/07    yes yes low 
Pool ~ 8m wide.  Abundant cattails and crayfish.  Fairly 
shallow, cow use.  Stream flows about 5m then goes 
underground.  Mosquitofish present.   
APPENDIX 1b 
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PROJECT SUMMARY 
 
The purpose of this project was to implement actions described in a voluntary conservation 
agreement and strategy for the relict leopard frog (Rana onca).  The project involved managing 
relict leopard frogs through a cooperative interagency program designed to increase both overall 
numbers as well as number of populations in a defined area of southern Nevada and northern 
Arizona.  Efforts under this project include population monitoring, habitat improvement, 
establishment of new populations, and augmentation of existing ones.  Egg masses collected 
from native populations were reared in captive settings through development to advanced stage 
tadpoles or young frogs.  These animals were then released at suitable sites.  Visual encounter 
surveys were conducted systematically, several times per year, to monitor the status of both 
natural and experimental populations.  Assistance was provided to agency partners to identify 
potential translocation sites and to conduct associated conservation actions, including 
coordinating meetings of the Relict Leopard Frog Conservation Team. 
 
During the course of this project, relict leopard frogs were monitored at 8 natural sites and 7 
experimental translocation sites; one of which was started in 2010.  Visual encounter surveys 
were conducted at each of these sites during the spring and fall.  At the beginning of this project, 
one additional experimental site was dropped from active survey as surface waters unexpectedly 
dried up, although the site was surveyed once late in 2008.  Numerous additional diurnal surveys 
were conducted at several sites to better assess breeding phenology, and at some natural sites to 
search for egg masses under urgent efforts to augment populations.  Assistance was also 
provided to researchers conducting mark-recapture estimation of one population through time.  
Three seasons of translocations were completed, with headstarting conducted at two facilities.  
Frogs or tadpoles were released to augment five existing experimental sites, and to establish one 
new site.  Emergency augmentation was also conducted at three natural sites.  Several sites were 
removed from augmentation over the course of the project to allow for the evaluation of long-
term sustainability.  
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INTRODUCTION 
 
Background – The relict leopard frog, Rana onca (= Lithobates onca) appears to be a regional 
endemic (Olah-Hemmings et al. 2010).  The known historical range of the species includes 
springs and wetlands along the drainages of the Virgin, Muddy, and Colorado rivers from the 
vicinity of Hurricane, Utah to Black Canyon, below Lake Mead in Nevada and Arizona.  The 
species, however, has experienced a large reduction in geographic range and number of 
populations (Bradford et al. 2004).  Taxonomic confusion once led to the declaration that R. onca 
was extinct, even though a couple of populations were known to exist (Jaeger et al. 2001).  
Natural populations of these frogs now occupy only a few spring sites within two general areas 
of Clark County in southern Nevada within Lake Mead National Recreation Area (LMNRA).   
Conservation efforts for this species began in earnest in the early 1990s, as additional 
information on population dynamics and distribution was being gathered, including phylogentic 
studies.  The first interagency meeting focused on R. onca was held in 1999, and by 2001, a 
voluntary Relict Leopard Frog Conservation Team (RLFCT) was formed with members from 
numerous federal and state agencies (RLFCT 2005).  In 2002, the species was petitioned for 
listing under the Endangered Species Act, and while listing was considered warranted, it was 
precluded because of conservation efforts by the RLFCT coordinated under a voluntary 
conservation agreement and strategy (CAS).  Recent conservation efforts have focused on 
monitoring and maintaining existing populations and on attempts to establish experimental 
populations at additional sites within the region.  Despite the success of some conservation 
efforts, R. onca remains imperiled.   
The information contained herein represents a summary of management, monitoring and 
conservation actions implemented by the National Park Service (NPS) toward meeting objectives 
outlined in the CAS.  Major efforts under this project were performed under task agreement by 
personnel at the Public Lands Institute, University of Nevada, Las Vegas (UNLV) in 
collaboration with Ross Haley at LMNRA.  This document represents the final report for field 
efforts from 2008 through mid-November 2010 under funding from the Clark County Multiple 
Species Habitat Conservation Plan (MSHCP; project number 2005-NPS-476-P).    
 
Goal and Objectives – The main goal of the project was the conservation of existing R. onca 
populations and establishment of new experimental populations.  The main field objectives were 
as follows:  
1. Monitor existing natural populations to assess population persistence and identify 
potential changes in site conditions that may affect populations.   
2. Monitor experimental populations to evaluate the success of translocations.  
3. Identify management actions to improve or mitigate habitat conditions at existing sites to 
promote persistence of populations, and implement small-scale actions or coordinate 
actions by crews under the guidance of land managers.  
4. Manage a headstarting program to raise eggs collected from wild frogs to later-stage 
tadpoles or small frogs for translocation to new sites, or to augment existing sites.  
5. Coordinate efforts to identify new sites for translocations, and assist land mangers with 
introductions. 
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METHODS 
 
Along with the conservation strategy, the RLFCT prepared written protocols and techniques for 
conducting conservation actions for R. onca.  The methods implemented in this project are 
specified in the Relict Leopard Frog Protocol and Techniques Manual included in the CAS 
(available electronically at http://ndow.org/wild/conservation/frog/leopard/plan.pdf).  The 
protocols and techniques detail the various procedures used for collecting, rearing, transporting, 
and releasing frogs and tadpoles associated with headstarting and translocation. Also specified 
are the methods and timing for monitoring populations.    
 
Site Surveys – In general, visual encounter surveys (VES) were conducted at all natural and 
experimental sites known to contain R. onca.  Two experimental sites, Sugarloaf and Lower 
Grapevine Springs, NV, failed prior to this reporting period because of the drying of the springs 
and have been removed from regular biannual surveys.  Surveys are conducted in early spring 
and again in fall.  All frogs and egg masses observed are counted, but tadpole numbers represent 
estimates up to 300, after which a plus sign is added to indicate larger numbers.  All field surveys 
were conducted by trained biologists with experience in amphibian monitoring.  Diurnal surveys 
early in the year were used to document breeding activities (egg masses and tadpoles) during a 
prime breeding period.  As part of an effort to better understand breeding phenology, additional 
diurnal VES at several warm and cool water sites were conducted in 2008 and 2009.  Nocturnal 
surveys during the spring and fall were used to better assess frog numbers (both adults and 
juveniles), which are more readily observed at night.   
 
Headstarting and Translocations – The early spring diurnal surveys were also used to find and 
collect eggs for headstarting in the laboratory.  The target goals for collection numbers and sites, 
as well as the targeted sites and actual numbers of late-stage tadpoles or juvenile frogs planned 
for release are determined during meetings of the RLFCT.  Eggs were processed in a laboratory 
facility maintained by the LMNRA, and tadpoles were grown-out at this facility and at the 
Willow Beach National Fish Hatchery maintained by the U.S. Fish and Wildlife Service.  In 
general, eggs were collected in the wild from late January through March and released as late-
stage tadpoles or juvenile frogs, usually before the very hot temperatures began in June.    
 
 
RESULTS & DISCUSSION 
 
Monitoring of Natural Sites in Black Canyon 
 
Bighorn Sheep Spring, NV. – Over the course of the project, all life stages of R. onca were 
observed at this site during surveys (Table 1), indicating active reproduction and some 
recruitment.  This site once maintained about 50% of all R. onca (Bradford et al. 2004), but a 
large storm event in October 2006 caused debris flow which greatly reduced habitat quality.  The 
numbers of frogs reported herein were quite low compared to previous observations, and low 
recruitment has been a concern.  In September 2008, several (n = 8) temporary pools were 
constructed in the main stream channel with sandbags in an attempt to temporarily improve 
conditions for rearing tadpoles.  Frogs were later observed in these pools, but rains in December 
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2008, washed out the sandbags and filled the pools with gravel.  Vegetation, however, has begun 
to rebound since the floods in 2006.   
 
In 2009 and 2010, partial egg masses were collected from sites in the stream channel for the 
translocation program (Table 17).  The thought here was that conditions for tadpoles in the main 
stream were likely very poor and low survivorship could be expected, thus the removal of some 
eggs would have very little negative impact and possibly benefit the remaining animals by 
reducing competition.  
 
Table 1.  Summary of Rana onca observed at Bighorn Sheep Spring during visual encounter 
surveys conducted in 2008–2010.  Temperature (oC) is the ambient air temperature during survey 
(TA).   
Survey Type Date TA Adult Juvenile Larvae Egg Masses 
Diurnal 01/23/2008 15.1 1 0 0 0 
Diurnal 02/04/2008 11.6 0 0 0 0 
Diurnal 02/27/2008 18.6 1 0 0 1 
Diurnal 03/21/2008 - 3 0 300+ 3 
Diurnal 05/01/2008 16.7 0 0 0 3 
Diurnal 09/16/2008 35 1 0 0 0 
Diurnal 10/02/2008 32.2 0 0 0 0 
Diurnal 10/27/2008 24.1 0 0 0 0 
Diurnal 11/24/2008 21.1 2 0 43 0 
Diurnal 12/05/2008 16.9 0 0 53 0 
Diurnal 01/12/2009 13 0 0 0 0 
Diurnal 01/24/2009 20.4 2 0 0 1 
Diurnal 01/29/2009 14.1 0 0 0 3 
Diurnal 02/11/2009 11.4 0 0 0 0 
Diurnal 02/23/2009 18.2 2 0 0 4 
Diurnal 03/09/2009 16.7 0 0 300+ 0 
Diurnal 03/31/2009 25.5 0 0 300+ 3 
Diurnal 04/28/2009 22 0 0 5 0 
Diurnal 06/06/2009 26.1 0 0 6 0 
Diurnal 01/24/2010 9.7 0 0 0 0 
Diurnal 01/30/2010 11.6 3 0 0 1 
Diurnal 01/31/2010 11.3 2 0 0 2 
Diurnal 02/25/2010 21.3 0 0 300+ 5 
Nocturnal 04/28/2008 26.3 36 0 0 2 
Nocturnal 11/13/2008 21.1 4 0 37 0 
Nocturnal 04/20/2009 20.9 10 0 300+ 5 
Nocturnal 10/15/2009 22.8 11 0 0 0 
Nocturnal 04/15/2010 20 25 0 4 0 
Nocturnal 10/31/2010 20 5 0 0 0 
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Boy Scout Canyon Spring, NV. – Over the course of the project, all life stages of R. onca were 
observed during surveys at this site (Table 2), indicating active reproduction and recruitment.  
Egg masses and tadpoles, however, were generally observed only in two side areas that have 
small pools with cooler water than the main thermal stream.  These sites appear to be critical for 
successful reproduction within this canyon.  From these sites, partial egg masses were collected 
each year for the translocation program (Table 17).  Maintenance actions to keep these important 
pools from filling with debris or becoming choked with cattails and tamarisk were conducted.   
 
Table 2.  Summary of Rana onca observed at Boy Scout Canyon during visual encounter 
surveys conducted in 2008–2010.  Temperature (oC) is the ambient air temperature during survey 
(TA).   
 Survey Type Date TA Adult Juvenile Larvae Egg Masses 
Diurnal 02/04/2008 13 3 0 15 2 
Diurnal 10/18/2008 20.6 9 0 0 0 
Diurnal 01/12/2009 17.9 9 0 0 1 
Diurnal 01/24/2009 21 2 0 0 2 
Diurnal 02/23/2009 17.2 10 0 53 2 
Diurnal 03/23/2009 16 6 0 5 0 
Diurnal 01/24/2010 12.5 2 0 0 0 
Diurnal 01/31/2010 13.6 7 0 0 6 
Nocturnal 04/28/2008 27.5 16 0 31 0 
Nocturnal 11/13/2008 21 18 1 0 0 
Nocturnal 04/20/2009 26 23 0 117 0 
Nocturnal 10/22/2009 23.3 20 1 0 0 
Nocturnal 05/06/2010 26.7 23 0 100+ 0 
Nocturnal 11/03/2010 23 19 1 0 0 
Page 6 of 30 
 
Dawn’s Canyon Spring, NV. – This site is a small canyon and stream located directly up river 
from Boy Scout Canyon.  The site may contain habitat above the area surveyed, but steep canyon 
walls limit the survey to a short bottom stream section.  There is some speculation that frogs at 
this site may be directly connected to those in Boy Scout Canyon.  Observations of eggs and 
tadpoles at this site have basically been limited to a single plunge pool at the base of a waterfall.  
Over the course of the project, however, all life stages of R. onca have been observed at this site 
indicating successful reproduction and recruitment (Table 3).  
 
An additional observation of breeding was reported by Marc Maynard (BOR) who reported 
seeing an egg mass of R. onca and 2 adult frogs at this site on April 5, 2008.  In the spring of 
2009, a single egg mass was observed, and since the pool in which it was located had limited 
habitat, part of the egg mass was brought in for rearing and translocation (Table 17). 
 
Table 3.  Summary of Rana onca observed at Dawn’s Canyon Spring during visual encounter 
surveys conducted in 2008–2010.  Temperature (oC) is the ambient air temperature during survey 
(TA).   
 
 
  
Survey Type Date TA Adult Juvenile Larvae Egg Mass 
Diurnal 02/27/2008 19.2 0 0 1 0 
Diurnal 01/24/2009 20.5 1 0 0 1 
Diurnal 01/24/2010 13.5 0 0 0 0 
Diurnal 02/25/2010 15 1 0 0 0 
Nocturnal 03/18/2008 18.7 2 0 6 0 
Nocturnal 11/13/2008 20.8 3 1 1 0 
Nocturnal 04/20/2009 27 2 0 6 0 
Nocturnal 10/22/2009 21.7 4 4 0 0 
Nocturnal 04/15/2010 20 4 0 2 0 
Nocturnal 11/03/2010 25 2 1 0 0 
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Black Canyon Spring and Black Canyon Spring Side, NV. – These two areas represent 
components of the same system, although these areas are generally treated as separate sites for 
reporting.  Black Canyon Spring represents a reach of stream fed by thermal springs that exist up 
drainage from the survey area.  Unfortunately, areas above the survey reach are difficult to 
access (requiring technical climbing).  Further efforts to gain a better understanding of upstream 
conditions (above the large waterfall used as the survey endpoint) are planned for late this year 
or in early spring (2011).  
 
In general, the portion of the main stream surveyed does not represent good habitat for R. onca, 
and very few R. onca have been observed along this stretch.  No adult R. onca have been 
observed at this site since spring, 2009; although, a single R. onca tadpole was observed in the 
stream in 2010 (Table 4).  This site was also greatly impacted by debris flows in October 2006.  
In spring 2008, young and surviving tamarisk trees were manually removed from along the 
stream system by the NPS Exotic Plant Management Team (EPMT).  This was followed by a 
volunteer effort in fall 2008. 
 
Table 4.  Summary of Rana onca observed at Black Canyon Spring during visual encounter 
surveys conducted in 2008–2010.  Temperature (oC) is the ambient air temperature during survey 
(TA).   
 Survey Type Date TA Adult Juvenile Larvae Egg Masses 
Diurnal 01/23/2008 17.1 0 0 0 0 
Diurnal 02/04/2008 14.8 0 0 0 0 
Diurnal 02/27/2008 22.7 1 0 0 0 
Diurnal 09/16/2008 31 0 0 0 0 
Diurnal 10/27/2008 24.3 0 0 0 0 
Diurnal 11/24/2008 21.6 0 0 0 0 
Diurnal 12/05/2008 17.5 0 0 0 0 
Diurnal 01/12/2009 18 0 0 0 0 
Diurnal 01/29/2009 16.6 0 0 0 0 
Diurnal 02/11/2009 16.1 0 0 0 0 
Diurnal 02/23/2009 19.6 1 0 0 0 
Diurnal 03/09/2009 22.3 0 0 0 0 
Diurnal 04/16/2009 22.3 0 0 0 0 
Diurnal 04/27/2009 29 1 0 0 0 
Diurnal 06/06/2009 26.6 0 0 0 0 
Diurnal 01/24/2010 15 0 0 0 0 
Diurnal 02/09/2010 14 0 0 0 0 
Diurnal 02/25/2010 16.7 0 0 1 0 
Nocturnal 04/22/2008 27.8 7 0 0 0 
Nocturnal 11/04/2008 20.3 1 0 0 0 
Nocturnal 03/31/2009 19.3 1 0 0 0 
Nocturnal 10/15/2009 25.6 0 0 0 0 
Nocturnal 05/06/2010 26.1 0 0 0 0 
Nocturnal 05/13/2010 21.7 0 0 0 0 
Nocturnal 11/03/2010 22 1 0 0 0 
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Black Canyon Spring Side is a short, cool water site that drains into the main Black Canyon 
Spring stream; this is the only remaining natural cool water site with R. onca.  Over the course of 
the project, frogs at this site showed evidence of active reproduction and recruitment, and all life 
stages of R. onca were observed (Table 5).  The entire surveyed stream stretch was treated for 
tamarisk by the EPMT between the two spring surveys in 2010.   
 
Table 5.  Summary of Rana onca observed at Black Canyon Spring Side during visual encounter 
surveys conducted in 2008–2010.  Temperature (oC) is the ambient air temperature during survey 
(TA).   
 Survey Type Date TA Adult Juvenile Larvae Egg Masses 
Diurnal 01/23/2008 16.2 1 1 0 0 
Diurnal 02/04/2008 11.5 0 0 0 0 
Diurnal 02/27/2008 21.9 3 0 0 0 
Diurnal 05/01/2008 19.4 2 0 0 1 
Diurnal 09/16/2008 29.5 4 0 0 0 
Diurnal 10/27/2008 22.5 3 0 0 0 
Diurnal 11/24/2008 19.2 3 0 1 0 
Diurnal 12/05/2008 17.5 2 0 0 0 
Diurnal 01/12/2009 17.4 1 0 2 0 
Diurnal 01/29/2009 15.3 0 0 0 0 
Diurnal 02/11/2009 12.8 0 0 0 0 
Diurnal 02/23/2009 18.8 1 0 1 1 
Diurnal 03/09/2009 21.4 4 0 0 0 
Diurnal 04/16/2009 20.6 6 0 0 0 
Diurnal 04/27/2009 28.7 5 0 0 0 
Diurnal 06/06/2009 27.7 2 0 0 0 
Diurnal 01/24/2010 13 4 0 0 0 
Diurnal 02/09/2010 16.4 11 0 15 0 
Nocturnal 04/22/2008 26.4 7 3 0 0 
Nocturnal 11/04/2008 17.2 6 1 0 0 
Nocturnal 03/31/2009 19 7 0 0 0 
Nocturnal 10/15/2009 27.2 2 0 0 0 
Nocturnal 05/13/2010 21.7 25 0 4 0 
Nocturnal 11/03/2010 20 9 7 0 0 
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Salt Cedar Canyon Spring, NV. – As opposed to Bighorn Sheep Spring, the rain-caused debris 
flows in October 2006, appear to have improved conditions at this site for R. onca by removing 
dense vegetation and pushing crayfish out of the upper reach of the stream. Crayfish remain 
abundant in the stream near the confluence with the Colorado River, but have not moved up over 
an earthen dam and dry section of channel into the upper reach.   
 
In recent years, vegetation has been rebounding and some areas of the stream have again become 
quite choked.  The lower counts in recent surveys (Table 6) may reflect the more difficult 
conditions of observing frogs in dense vegetation.  Over the course of the project, all life stages 
of R. onca were observed at this site, indicating active reproduction and recruitment.  Partial egg 
masses were collected in 2008 and 2010 for the translocation program (Table 17).  While no egg 
masses were observed during diurnal surveys in 2009, two egg masses were observed shortly 
after during a nocturnal survey.  
 
Table 6.  Summary of Rana onca observed at Salt Cedar Canyon Spring during visual encounter 
surveys conducted in 2008–2010.  Temperature (oC) is the ambient air temperature during survey 
(TA).   
 
 
 
Survey Type Date TA Adult Juvenile Larvae Egg Masses 
Diurnal 01/23/2008 16.2 0 0 300+ 3 
Diurnal 02/04/2008 14.3 3 0 107 1 
Diurnal 02/27/2008 25.2 7 1 107 0 
Diurnal 09/16/2008 37 12 10 0 0 
Diurnal 10/02/2008 29.9 7 8 0 0 
Diurnal 10/27/2008 23 6 2 0 0 
Diurnal 11/24/2008 22.1 4 2 57 0 
Diurnal 12/05/2008 14.9 2 1 0 0 
Diurnal 01/12/2009 18.1 4 7 16 0 
Diurnal 02/11/2009 16.5 2 5 21 0 
Diurnal 03/09/2009 20.6 11 8 23 0 
Diurnal 04/16/2009 20.3 8 9 42 0 
Diurnal 01/24/2010 11.9 4 1 3 0 
Diurnal 01/30/2010 15 5 0 12 2 
Nocturnal 04/22/2008 21.6 30 3 123 0 
Nocturnal 11/04/2008 21 15 4 1 0 
Nocturnal 01/24/2009 19.6 19 1 32 0 
Nocturnal 02/23/2009 16.2 20 13 56 0 
Nocturnal 03/31/2009 20.3 41 6 137 0 
Nocturnal 04/27/2009 26.5 36 6 141 2 
Nocturnal 06/04/2009 29 31 13 0 0 
Nocturnal 10/15/2009 25 20 0 7 0 
Nocturnal 05/06/2010 22.8 16 5 100+ 0 
Nocturnal 11/03/2010 21.7 26 0 0 0 
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Monitoring of Sites in the Northshore Springs Complex 
 
Upper and Lower Blue Point Spring, NV. – In recent years, surveys at Blue Point Spring have 
been split into upper and lower portions of the spring.  The upper portion represents just over 0.5 
km of linear stream habitat from the springhead down to just below the Northshore Road where 
the spring tunnels underground.  The lower section represents areas further downstream where 
the water reemerges. During 2008, monitoring was coordinated with a separate research project 
conducted by UNLV to evaluate habitat modifications intended to benefit R. onca (Jaeger et al. 
2009).  At Upper Blue Point, about 177 linear meters of dense rushes (Scirpus and Eleocharis) 
and cattails (Typha) were cut in two phases in February and November, 2007.  Several fish-free 
side channels were also created.  Treatments in November 2007 also included cutting of about 89 
m of dense emergent, vegetation at Lower Blue Point and creation of a large fish-free channel.  
Habitat at these sites benefited from the habitat improvements, but these benefits have been 
relatively short-lived (Jaeger et al. 2009) and are now being reversed.  This area also benefits 
from recreational use by park visitors where trampling reduces riparian vegetation density and 
cover along small portions of the stream.  Mark-recapture was conducted at Upper Blue Point as 
part of that project (Jaeger et al. 2009) and has continued as an independent UNLV project 
(Jaeger unpublished data).  Herein, representative surveys conducted in cooperation with the 
mark-recapture effort are reported.  Diurnal monitoring efforts during 2008 and 2009 were 
extensive at these sites and were aimed at finding egg masses for headstarting. 
 
At Upper Blue Point Spring, 21 diurnal surveys were conducted in 2008, and 10 were conducted 
in 2009, but none of these surveys resulted in the observation of egg masses or tadpoles (Table 
7).  This is not surprising as over the years much effort has gone into monitoring and population 
studies at this site, and very few egg masses or tadpoles have ever been seen.  All the Northshore 
spring sites contain dense, emergent vegetation which makes finding egg masses and tadpoles 
difficult.  A more important negative factor, however, is that both Blue Point and Rogers springs 
are infested with exotic, carnivorous fishes which consume tadpoles and probably eggs.  
 
Adult numbers at this site were extremely low in early 2008 (Table 7), with mark-recapture 
estimates based on multiple surveys indicating around 10 adult frogs, with point estimates of no 
more than 12 individuals (Jaeger et al. 2009).  The population was augmented in spring 2008, 
with 155 headstarted juvenile frogs from eggs collected at Lower Blue Point (Table 19), and 
subsequent results from visual encounter surveys indicate marked increases in adult animals. 
Estimates from the mark-recapture study indicated high survivorship (Jaeger unpublished data), 
with estimates in 2009 indicated 91 frogs in the spring (95% CI 73–122; 67 individuals 
observed) and 69 frogs in the fall (95% CI 49–116; 43 individuals observed). Estimates from 
spring 2010, indicated 70 frogs (95% CI 55-99; 52 individuals observed).  Ten juvenile frogs 
were again added to the system in spring 2010 from headstarted eggs collected at Lower Blue 
Point (these frogs were not included in the estimate).  
 
Although there is some evidence of natural recruitment at this site, the number of juveniles 
observed overtime has remained quite low.  Recent efforts to improve chances for successful 
recruitment include fish-removal from upper portions of the spring (areas above the historical 
dam).  NPS personnel using funnel traps have removed over 1034 nonnative fish from the stream 
in 2010, and further efforts are planned.   
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Table 7.  Summary of Rana onca observed at Upper Blue Point Spring during visual encounter 
surveys conducted in 2008–2010.  Temperature (oC) is the ambient air temperature during survey 
(TA).   
Survey Type Date TA Adult Juvenile Larvae Egg Masses 
Diurnal 01/04/2008 16.5 0 0 0 0 
Diurnal 01/13/2008 16.2 0 0 0 0 
Diurnal 01/21/2008 14.5 0 0 0 0 
Diurnal 01/28/2008 11.8 0 0 0 0 
Diurnal 02/05/2008 9.9 0 0 0 0 
Diurnal 02/12/2008 21.4 0 0 0 0 
Diurnal 02/12/2008 22.4 0 0 0 0 
Diurnal 02/18/2008 18.7 0 0 0 0 
Diurnal 02/21/2008 17.6 0 0 0 0 
Diurnal 02/26/2008 19.6 0 0 0 0 
Diurnal 03/03/2008 19 0 0 0 0 
Diurnal 03/09/2008 18.5 0 0 0 0 
Diurnal 03/17/2008 16.2 0 0 0 0 
Diurnal 04/01/2008 18.1 0 0 0 0 
Diurnal 04/07/2008 21.6 1 0 0 0 
Diurnal 04/14/2008 25.2 0 0 0 0 
Diurnal 04/24/2008 26.6 0 0 0 0 
Diurnal 04/29/2008 35.4 0 0 0 0 
Diurnal 05/05/2008 21.1 0 0 0 0 
Diurnal 05/14/2008 25.5 0 0 0 0 
Diurnal 06/02/2008 31 0 0 0 0 
Diurnal 06/11/2008 26 0 0 0 0 
Diurnal 06/26/2008 32.6 0 0 0 0 
Diurnal 01/11/2009 14.5 0 0 0 0 
Diurnal 01/27/2009 13.1 0 0 0 0 
Diurnal 02/03/2009 20 1 0 0 0 
Diurnal 02/19/2009 18.6 3 0 0 0 
Diurnal 03/05/2009 22.3 2 0 0 0 
Diurnal 03/12/2009 17.1 4 0 0 0 
Diurnal 03/20/2009 16.5 0 0 0 0 
Diurnal 04/03/2009 15 0 0 0 0 
Diurnal 04/15/2009 8.8 0 0 0 0 
Diurnal 05/01/2009 28.9 3 0 0 0 
Diurnal 02/11/2010 13.6 4 0 0 0 
Nocturnal 03/23/2008 17.3 3 0 0 0 
Nocturnal 11/11/2008 15.5 19 0 0 0 
Nocturnal 04/06/2009 21.6 38 0 0 0 
Nocturnal 11/10/2009 19.7 25 0 0 0 
Nocturnal 03/20/2010 14.7 16 0 0 0 
Nocturnal 10/10/2010 26.8 24 0 0 0 
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At Lower Blue Point Spring, many of the diurnal surveys in 2008 and 2009 (Table 8) focused 
only on the upper 200-300 meters of habitat, generally in areas were the best habitat remained 
and in areas where habitat had been modified.  These targeted surveys were conducted in 
conjunction with surveys at Upper Blue Point.  The three egg masses observed at Lower Blue 
Point in 2008 (and brought back for headstarting) were not found during these surveys, but 
instead were observed during habitat work at the site.  These egg masses were all found at the 
point of stream reemergence at the upper most end of Lower Blue Point.  Vegetation had been 
reduced at this site, and a small backwater has inadvertently been created while placing an intake 
for funneling water to the fish-free pond.  This backwater apparently attracted breeding frogs.   
 
The number of R. onca observed at Lower Blue Point Spring had been declining in recent years 
with observations of only a handful of frogs during nocturnal surveys (see 2008 data in Table 8). 
As part of emergency augmentation actions, 159 headstarted juvenile frogs were returned to this 
area in late spring 2008.  Higher counts in 2009 and 2010 likely reflect these animals, but habitat 
conditions along most of the stream continued to deteriorate as vegetation choked the system.  
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Table 8.  Summary of Rana onca observed at Lower Blue Point Spring during visual encounter 
surveys conducted in 2008–2010.  Asterisks indicated targeted surveys focused on only the upper 
200-300 m of habitat.  Temperature (oC) is the ambient air temperature during survey (TA).   
 
 
 
Survey Type Date TA Adult Juvenile Larvae Egg Masses 
Diurnal 02/26/2008 18.3 0 0 0 0 
Diurnal* 03/17/2008 16.4 1 0 0 0 
Diurnal* 04/01/2008 22 0 0 0 0 
Diurnal* 04/07/2008 21.6 1 0 0 0 
Diurnal* 04/14/2008 28.7 1 0 0 0 
Diurnal* 04/24/2008 26.1 1 0 0 0 
Diurnal* 04/29/2008 34.2 0 0 0 0 
Diurnal* 05/05/2008 22.6 1 0 0 0 
Diurnal* 05/14/2008 29.8 1 0 0 1 
Diurnal* 05/29/2008 28.5 1 0 0 0 
Diurnal* 06/11/2008 26.4 0 1 0 0 
Diurnal* 06/19/2008 27.1 0 3 0 0 
Diurnal* 06/26/2008 34.2 2 6 0 0 
Diurnal* 07/30/2008 32.5 2 3 0 0 
Diurnal* 07/07/2008 27.0 0 0 0 0 
Diurnal* 09/17/2008 28.8 1 2 0 0 
Diurnal* 10/06/2008 20.7 0 0 0 0 
Diurnal* 10/15/2008 28 1 0 0 0 
Diurnal* 11/19/2008 26.4 1 0 0 0 
Diurnal* 12/04/2008 16.2 0 0 0 0 
Diurnal* 12/13/2008 18 0 0 0 0 
Diurnal* 01/11/2009 14.2 0 0 0 0 
Diurnal* 01/27/2009 11.6 2 0 0 0 
Diurnal 02/03/2009 20 1 0 0 0 
Diurnal* 02/19/2009 19.7 3 0 0 0 
Diurnal* 03/05/2009 21.2 8 0 0 0 
Diurnal* 03/12/2009 20.1 5 0 0 0 
Diurnal* 03/20/2009 15 0 0 0 0 
Diurnal* 04/03/2009 16.7 0 0 0 0 
Diurnal* 04/15/2009 8.2 0 0 0 0 
Diurnal* 05/01/2009 26.9 5 0 0 0 
Diurnal 02/11/2010 19.4 1 0 1 2 
Diurnal 03/01/2010 20 2 0 1 2 
Nocturnal 03/23/2008 16 3 0 0 0 
Nocturnal 11/11/2008 15.5 3 0 0 0 
Nocturnal 05/06/2009 29.5 4 0 0 0 
Nocturnal 11/05/2009 21 16 0 0 0 
Nocturnal 03/21/2010 18.1 10 0 10 1 
Nocturnal 10/28/2010 13.9 3 0 0 0 
Page 14 of 30 
 
Rogers Spring, NV. – This site is closely situated to Blue Point and suffers from the similar 
encroachment of dense vegetation.  At this site, however, tall mats of sawgrass (Cladium 
californicum) dominate.  This stream is also occupied by aggressive, exotic fishes.  Habitat 
conditions for R. onca at Rogers Spring have continued to deteriorate despite experiments in 
2007 to improve habitat.  These actions included cutting of 145 liner meters of areas along the 
stream and the controlled burning of about 1507 m2 of Cladium (Jaeger et al. 2009).  This 
vegetation grew back rapidly and in recent years the only areas with seemingly good habitats for 
R. onca were formed by a power line road that crosses the main stream channel and in areas near 
the main springhead pool.  By spring 2010 dense emerging vegetation had increased at the 
powerline road crossing.   
 
Prior to this study period, R. onca was no longer being seen during surveys at this site (the last 
was recorded in fall 2006).  In early summer 2008, 64 headstarted frogs raised from eggs 
collected at Lower Blue Point were released in modified habitats (Table 19).  A small number of 
these frogs have been observed since spring 2009 near the release areas, but only one adult frog 
was counted during the nocturnal survey in spring 2010 (Table 9).  The egg mass and tadpoles 
observed during early surveys in 2010 were located in an area where frogs were released, but this 
area was rapidly being overgrown with vegetation.   
 
Table 9.  Summary of Rana onca observed at Rogers Spring during visual encounter surveys 
conducted in 2008–2010.  Temperature (oC) is the ambient air temperature during survey (TA).   
 
 
 
Survey Type Date TA Adult Juvenile Larvae Egg Masses 
Diurnal 02/26/2008 21.1 0 0 0 0 
Diurnal 02/03/2009 19.3 1 0 0 0 
Diurnal 02/11/2010 17.3 0 0 24 1 
Nocturnal 04/10/2008 18 0 0 0 0 
Nocturnal 05/05/2008 21.7 0 0 0 0 
Nocturnal 11/12/2008 21 0 0 0 0 
Nocturnal 04/30/2009 20.3 8 0 0 0 
Nocturnal 11/05/2009 21.1 7 0 0 0 
Nocturnal 05/03/2010 21.7 1 0 10 0 
Nocturnal 10/28/2010 12.9 2 0 0 0 
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Monitoring of Experimental Translocation Sites 
 
Goldstrike Canyon, NV. – Over the course of the project, all life stages except juveniles of R. 
onca were observed during surveys (Table 10).  This indicates active reproduction, but 
recruitment was not confirmed at this site.  Translocation to this site ended in 2009 (Table 18), as 
the site had been augmented for over 5 years after which protocols call for an assessment of 
natural sustainability.   
 
Table 10.  Summary of Rana onca observed at Goldstrike Canyon during visual encounter 
surveys conducted in 2008–2010.  Temperature (oC) is the ambient air temperature during survey 
(TA).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Survey Type Date TA Adult Juvenile Larvae Egg Masses 
Diurnal 02/18/2008 13.8 0 0 300+ 1 
Diurnal 04/28/2008 29.4 1 0 7 3 
Diurnal 05/01/2008 19.5 1 0 300+ 4 
Diurnal 02/06/2009 18.2 0 0 0 0 
Diurnal 03/23/2009 13.5 0 0 57 2 
Diurnal 01/26/2010 13.3 1 0 86 0 
Nocturnal 03/18/2008 21.4 22 0 5 0 
Nocturnal 11/14/2008 24.7 12 0 0 0 
Nocturnal 04/13/2009 22 21 0 15 1 
Nocturnal 10/22/2009 23.9 15 0 0 0 
Nocturnal 04/29/2010 19.4 18 0 4 1 
Nocturnal 11/03/2010 21.7 25 2 0 0 
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Grapevine Spring (Meadview), AZ. – Translocations to this site ended in 2009, following five 
years of augmentation (Table 18).  Over the course of the project, all life stages of R. onca were 
observed during these surveys (Table 11).  Active reproduction was evident from the large 
numbers of egg masses and smaller tadpoles observed; the latter were definitely not from 
releases.  This is a cold water site and large, overwintering tadpoles have been regularly 
encountered.  Although natural recruitment is suspected to have occurred, this has not yet been 
confirmed as it is possible that all juvenile frogs observed matured from released tadpoles.   
 
Table 11.  Summary of Rana onca observed at Grapevine Spring (Meadview, AZ) during visual 
encounter surveys conducted in 2008–2010.  Temperature (oC) is the ambient air temperature 
during survey (TA).   
 Survey Type Date TA Adult Juvenile Larvae Egg Masses 
Diurnal 02/21/2008 17.3 15 0 0 0 
Diurnal 04/05/2008 21.6 5 0 7 12 
Diurnal 09/06/2008 21 25 3 0 0 
Diurnal 09/23/2008 24.1 13 3 0 0 
Diurnal 10/17/2008 20.2 6 2 0 0 
Diurnal 10/28/2008 19.2 3 1 0 0 
Diurnal 11/20/2008 16.4 2 0 0 0 
Diurnal 12/02/2008 16.2 2 0 0 0 
Diurnal 01/10/2009 11.4 0 0 0 0 
Diurnal 01/30/2009 17 2 0 0 0 
Diurnal 02/20/2009 15.2 5 0 0 0 
Diurnal 02/25/2009 23.2 41 0 0 0 
Diurnal 03/10/2009 14.7 15 0 0 2 
Diurnal 02/19/2010 19.1 28 0 6 0 
Nocturnal 03/20/2008 19.8 29 1 16 10 
Nocturnal 05/01/2008 16 21 5 300+ 1 
Nocturnal 11/08/2008 23.3 38 4 37 0 
Nocturnal 03/14/2009 19.5 46 1 4 4 
Nocturnal 04/29/2009 22.8 107 8 7 1 
Nocturnal 10/21/2009 23.9 69 0 9 0 
Nocturnal 04/26/2010 22.2 132 0 209+ 8 
Nocturnal 11/01/2010 17.2 101 0 8 0 
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Pupfish Refuge, NV. – Although this site received juvenile frogs through 2008 as part of the 
translocation project (Table 18), there has been evidence of reproduction and possible natural 
recruitment at this site. Over the course of the project, all life stages of R. onca were observed 
during surveys (Table 12).  Single observations of small, juvenile frogs late in 2009, and during 
spring surveys in 2010, are the strongest evidence for active recruitment.   
 
Exotic snails transported to the site by actions associated with pupfish management have 
proliferated throughout this stream and have visibly reduced algae.  Indeed, in some pools algae 
was not readily visible, and the lack of algae is likely to have a negative impact on the growth 
and development of tadpoles within the main channel.  Breeding, however, often occurs in 
waters running along the drainage ditch of Portal Road and the snails do not appear to prefer this 
habitat.   
 
As part of conservation actions for R. onca, a large area of tamarisk was removed at this site by 
the EPMT under the direction of the Bureau of Reclamation (BOR).  This agency plans to 
eliminate tamarisk at this site in stages, and to convert the riparian area to more natural 
vegetation.  The current effort opened up some of the lower section of the stream in early 
December 2009.  During that time, efforts by personnel under this project were conducted to 
remove some of the cattails (Typha sp.) and bunch grasses within the drainage ditch to improve 
breeding pond habitat.   
 
Table 12.  Summary of Rana onca observed at Pupfish Refuge Spring during visual encounter 
surveys conducted in 2008–2010.  Temperature (oC) is the ambient air temperature during survey 
(TA).   
 Survey Type Date TA Adult Juvenile Larvae Egg Masses 
Diurnal 01/05/2008 18.1 2 0 300+ 0 
Diurnal 02/01/2008 17.2 3 0 300+ 4 
Diurnal 04/25/2008 26.5 4 0 207 3 
Diurnal 05/03/2008 23.7 8 0 300+ 0 
Diurnal 07/18/2008 34.1 6 1 300+ 0 
Diurnal 09/17/2008 24.4 12 0 0 0 
Diurnal 10/06/2008 29.1 6 0 2 0 
Diurnal 10/21/2008 24.1 5 0 0 0 
Diurnal 02/04/2009 23.9 4 0 300+ 0 
Diurnal 02/19/2010 22 5 0 100+ 7 
Nocturnal 03/13/2008 24.8 41 0 300+ 0 
Nocturnal 10/27/2008 27.4 46 2 0 0 
Nocturnal 04/21/2009 26.1 23 0 0 0 
Nocturnal 11/05/2009 27 39 1 0 0 
Nocturnal 04/26/2010 28.8 41 1 100 2 
Nocturnal 11/05/2010 27 38 0 70 0 
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Quail Spring, NV. – Translocation to this small spring and pool site began in 2008 (Table 18), 
and the large counts of adult R. onca since indicate the initial success of the translocation effort 
(Table 13).  By the spring of 2009, tadpoles were observed at the site indicating natural 
reproduction.  Habitat improvements were conducted in coordination with Bureau of Land 
Management (BLM) during each year of this project (2008–2010).  In 2009, as part of these 
efforts, a small pool about 3 m long, 2 m wide, and 0.75 m deep was added to the outflow 
channel below the main pool.  This pool was mostly constructed under desert willows and was 
lined with rubber.  Subsequent surveys indicate the lower pool was being used by adult R. onca 
and has increased the amount of aquatic habitat available.  Impacts caused by cattle have been 
greatly beneficial in preventing cattails and other vegetation from choking the pool.  Once the 
trespassing cattle have been eliminated, this site will require regular maintenance if frogs are to 
remain viable.   
 
Table 13.  Summary of Rana onca observed at Quail Spring during visual encounter surveys 
conducted in 2008–2010.  Temperature (oC) is the ambient air temperature during survey (TA).   
 Survey Type Date TA Adult Juvenile Larvae Egg Masses 
Diurnal 11/07/2008 24.3 5 0 0 0 
Diurnal 02/24/2010 15.6 10 0 0 0 
Diurnal 10/12/2010 33.3 59 0 0 0 
Nocturnal 04/02/2009 21 42 0 40 0 
Nocturnal 11/03/2009 19.4 71 0 0 0 
Nocturnal 04/19/2010 22.2 169 0 2 2 
Nocturnal 10/24/2010 22.8 191 0 15 0 
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Red Rock Spring, AZ. – Translocations to this site were ended with the release in 2010 (Table 
18).  Over the course of the project, all life stages of R. onca were observed during surveys 
(Table 14).  Presence of egg masses and young larvae confirm active reproduction.  Natural 
recruitment at this site, however, has not yet been confirmed.  While not observed in large 
numbers, counts of adults during nocturnal surveys have remained steady.   
 
This site, however, suffers from an unstable water flow, and surface waters can be reduced 
during summer months to marshy areas in the wetlands and minor emerging trickles. Of the egg 
masses counted in 2009, several were found on subsequent visits to have desiccated as a result of 
lower water levels in the pools.  Evaporation of pools observed during the summers may also 
greatly limit the ability of tadpoles to mature at this site. Cattle continue to be present over much 
of the channel, but the fencing around the main spring seep has been repaired by BLM.   
 
Table 14.  Summary of Rana onca observed at Red Rock Spring during visual encounter surveys 
conducted in 2008–2010.  Temperature (oC) is the ambient air temperature during survey (TA).   
 Survey Type Date TA Adult Juvenile Larvae Egg Masses
Diurnal 02/15/2008 15 0 0 0 0 
Diurnal 04/02/2008 24.8 3 0 0 0 
Diurnal 09/10/2008 32 7 0 0 0 
Diurnal 09/24/2008 27.2 4 0 0 0 
Diurnal 10/15/2008 18.5 1 0 0 0 
Diurnal 11/18/2008 20.4 1 0 0 0 
Diurnal 12/04/2008 20.1 0 0 0 0 
Diurnal 12/13/2008 18 0 0 0 0 
Diurnal 01/13/2009 16.5 0 0 0 0 
Diurnal 01/28/2009 13.3 0 0 0 0 
Diurnal 02/10/2009 12.9 0 0 0 0 
Diurnal 02/27/2009 20.6 8 0 0 2 
Diurnal 04/03/2009 20 0 0 300+ 4 
Diurnal 05/05/2009 34.8 3 4 0 0 
Diurnal 02/23/2010 17.2 0 0 0 6 
Diurnal 06/24/2010 35.6 10 0 13 0 
Nocturnal 03/25/2008 21.1 13 0 0 0 
Nocturnal 10/29/2008 17 10 0 0 0 
Nocturnal 03/19/2009 20 12 0 0 7 
Nocturnal 11/03/2009 12.8 13 0 0 0 
Nocturnal 04/07/2010 14.4 15 0 0 0 
Nocturnal 10/24/2010 24.4 10 0 0 0 
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Tassi Spring, AZ. – Translocation to this site have been scheduled to end with the release in 
2010 (Table 18).  Over the course of the project, all life stages of R. onca were observed during 
surveys (Table 15), indicating active reproduction and probable recruitment at this site.  Large, 
overwintering tadpoles were encountered during the spring surveys, which further points toward 
active recruitment in addition to previous translocations.  The EPMT crew conducted some 
vegetation reduction along the main ditch below the springhead in May 2009.  At that time, 
about 30-50 m of vegetation was cut in one large section to improve flows.  Some herbicide was 
also applied.  Other drainage work has been conducted by the NPS to protect the historical ranch 
house.  A French-drain added to the system eliminated some aquatic habitat in the main wash 
below the ranch; however, this also created some minor pools in which adult R. onca and large 
numbers of tadpoles were observed in April 2010.   
 
Large swings in the numbers of R. onca observed during fall surveys at this site are troubling.  
These swings may indicate a disease process.  Several other anuran species inhabit this site, and 
these species may be vectors for disease.  Alternatively, high predation pressure could 
conceivably be the problem, as groups of night-herons have been observed twice within the 
vegetation along the upper channel.    
 
Table 15.  Summary of Rana onca observed at Tassi Spring during visual encounter surveys 
conducted in 2008–2010.  Temperature (oC) is the ambient air temperature during survey (TA).   
 Survey Type Date TA Adult Juvenile Larvae Egg Masses 
Diurnal 02/15/2008 18 11 0 20 1 
Diurnal 04/02/2008 28.2 12 0 105 7 
Diurnal 09/10/2008 33.1 4 1 0 0 
Diurnal 09/24/2008 31.1 4 0 0 0 
Diurnal 10/15/2008 24.5 8 0 0 0 
Diurnal 12/04/2008 16.5 3 0 0 0 
Diurnal 12/13/2008 18 5 0 0 0 
Diurnal 01/13/2009 19.1 11 0 0 0 
Diurnal 01/28/2009 14.9 13 0 0 5 
Diurnal 02/10/2009 18.2 15 0 1 1 
Diurnal 02/27/2009 22.9 21 0 0 2 
Diurnal 04/03/2009 18.1 23 0 2 0 
Diurnal 02/23/2010 16.8 21 1 43 1 
Nocturnal 03/25/2008 23.5 15 0 25 0 
Nocturnal 10/29/2008 16.2 11 0 0 0 
Nocturnal 03/19/2009 18.8 68 0 15 1 
Nocturnal 05/05/2009 23.9 82 5 12 1 
Nocturnal 05/28/2009 30.2 76 5 13 0 
Nocturnal 11/04/2009 20.6 18 0 0 0 
Nocturnal 04/03/2010 21.1 50 0 100+ 1 
Nocturnal 10/12/2010 28.3 1 0 0 0 
Nocturnal 10/25/2010 16.1 5 0 0 0 
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Perkins Pond, NV. – Modifications to make this artificial pond acceptable for R. onca were 
completed by BLM in early 2010, and translocations were conducted later that spring (Table 18).  
A total of 372 late-stage tadpoles were released in May 2010.  During a nocturnal survey in early 
July, 23 juveniles frogs were counted (Table 16), including one new metamorph with a tail.   
 
A nocturnal survey on March 23, 2010, addressed a report of bullfrogs at this site.  The results of 
that survey appear to indicate that the report was in error.  The chorus frog, Hyla regilla (= 
Pseudacris regilla) were observed calling at the site, and during a survey in July, many juveniles 
of this species were observed.  Woodhouse toads (Bufo woodhousii) have been observed outside 
the amphibian fence, but these animals have not made it back into the pond.  The movement of 
other frog species through this system could potentially introduce amphibian diseases, which 
may be a concern for the long-term viability of the R. onca population, should one become 
established.  Routine maintenance of the site will be necessary to keep the frog fence intact and 
mitigate vegetation encroachment, as well as to operate the pump to maintain water levels.   
 
Table 16.  Summary of Rana onca observed at Perkins Pond during visual encounter surveys 
conducted in 2010.  Temperature (oC) is the ambient air temperature during survey (TA).   
 Survey Type Date TA Adult Juvenile Larvae Egg Masses 
Nocturnal 07/09/2010 36.2 0 23 0 0 
Nocturnal 11/04/2010 19 17 0 0 0 
Page 22 of 30 
 
Other Sites Monitored 
 
Corral Spring, NV. – This site located to the west of Rogers Spring once contained R. onca, but 
the population was extirpated in the mid 1990s, as vegetation covered habitat and water flows 
decreased (Bradford et al. 2004).  The site was reassessed during a diurnal survey on June 17, 
2010, and a low surface flow of water was documented over about 160 m of habitat.  The area, 
however, remained overgrown with emergent vegetation (mostly Phragmites sp., Eleocharis sp., 
and Scirpus sp.), and disturbance was minimal.  The site continued to be classified as unsuitable 
for R. onca. 
 
Lower Grapevine Spring, NV. – Tadpoles and juvenile frogs were released at this experimental 
site in 2006 and 2007.  The site was thought to maintain some pools during the dry season, but in 
late 2007, the system completely dried up and was dropped from the translocation list.  A diurnal 
survey on September 7, 2008 was conducted to assess the current situation and to investigate the 
off-chance that frogs had found refuge at the site. The system was again predominately dry, with 
the exception of shallow water remaining in two deeper plunge pools, presumably from recent 
rains.  
 
Other Monitoring Actions  
 
Chytridiomycosis is an ‘emergent’ disease of amphibians which is now considered one of the 
primary factors in amphibian species declines and extinctions (Stuart et al. 2004; Lips et al. 
2006).  This infectious disease is caused by the pathogenic fungus Batrachochytrium 
dendrobatidis (Bd).  In southern Nevada, little appears to be known about the occurrence or 
prevalence of Bd within amphibian populations.  Apparently Bd was once detected in bullfrogs 
(Rana catesbeiana) within areas of southern Nevada; unfortunately, details of that sampling are 
not currently available.  As part of the monitoring effort for R. onca, 44 adult frogs, as well as 22 
samples of adult toads (B. punctatus and B. woodhousii) occupying the same systems were 
swabbed and tested for Bd.  These frogs represented samples from Bighorn Sheep Spring, Black 
Canyon Spring Side, Boy Scout Canyon, Goldstrike Canyon, Pupfish Refuge Spring, Red Rock 
Spring, Salt Cedar Spring, Tassi Spring and Upper Blue Point.  None of the samples tested 
positive for Bd, but sampling to determine the prevalence of Bd, unfortunately, is more complex 
than simply collecting and testing a few samples.  Large numbers of samples are needed in any 
particular system for statistical assurance that the disease is not present.  Further sampling is 
planned.  
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Headstarting and Translocations  
 
In general, eggs were collected from the wild from late January into early March and most egg 
masses came from Black Canyon sites (Table 17).  Egg masses and tadpoles have been very 
difficult to detect at Blue Point Spring. In 2008, however, several egg masses were found at a site 
along the lower stretch of the stream that had been modified as part of the habitat modification 
study.  No egg masses were found at Blue Point Spring during surveys in 2009, but in 2010, 
partial egg masses were collected from a fish-free pond created at the top of Lower Blue Point 
Spring as part of the earlier habitat modification study.  Headstarted frogs had been released into 
this pond in 2008, although native animals have been previously observed nearby.  The pond 
contained many tadpoles in 2010, but by June the intake and outflow for the pipe feeding water 
to the pool became choked with vegetation and the pond was mostly dried.  It is unlikely that 
tadpoles were able to naturally mature in time to avoid overheating in the shallow water.  
 
Table 17.  Collection sites and dates collected of partial egg masses of Rana onca for 
headstarting and translocation from 2008 through 2010. 
Date Collection Site No. Partial 
Egg Masses 
Black Canyon Sites  
02/04/2008 Boy Scout Canyon Spring 1 
01/23/2008 Salt Cedar Spring 3 
02/04/2008 Salt Cedar Spring 1 
   
01/12/2009 Boy Scout Canyon Spring 1 
01/24/2009 Boy Scout Canyon Spring 1 
01/24/2009 Bighorn Sheep Spring 1 
01/29/2009 Bighorn Sheep Spring 2 
01/24/2009 Dawn’s Canyon 1 
   
01/30/2010 Bighorn Sheep Spring 1 
01/31/2010 Bighorn Sheep Spring 1 
01/31/2010 Boy Scout Canyon Spring 2 
01/30/2010 Salt Cedar Spring 1 
   
Northshore Sites  
03/15/2008 Lower Blue Point Spring 1 
04/07/2008 Lower Blue Point Spring 1 
05/14/2008 Lower Blue Point Spring 1 
02/11/2010 Lower Blue Point Spring 2 
03/01/2010 Lower Blue Point Spring 2 
 
Protocols for releasing tadpoles and post-metamorphic frogs stipulate maintaining separation of 
animals from Black Canyon and those from the Northshore.  Almost all the experimental 
translocation sites have been started by animals from Black Canyon, with the recent exception of 
the Perkins Pond site.  In general, experimental sites are planned for augmentation over a five 
year period, after which the site will be assessed for natural sustainability.  During this project, 
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several of the sites reached the five-year limit, with Pupfish Refuge Spring augmented through 
2008, and Goldstrike Canyon and Grapevine Spring augmented up through 2009 (Table 17).  As 
noted above, two sites were added during this period, with Quail Spring first receiving frogs in 
2008, and Perkins Pond being the first site to receive animals from a Northshore spring in 2010.  
 
Declining numbers at Rogers and Blue Point springs prompted a decision by the RLFCT in 2008 
to augment these populations with animals raised from the eggs collected at Lower Blue Point 
(Tables 17 & 19).  In general, these augmented animals have shown some positive impact on 
these populations, with counts showing at least short-term improvements (see Site Monitoring 
above).  The mark-recapture study also indicates high survivorship over two years of released 
frogs at Upper Blue Point.    
 
Table 18.  Numbers of late-stage tadpoles and post-metamorphic frogs of Rana onca raised from 
eggs collected in Black Canyon and released at translocation sites from 2008 through 2010. 
Date Translocation Site Tadpoles 
Released 
Frogs 
Released 
Site & Grand 
Total By Year 
04/28/2008 Goldstrike Canyon 50  50 
04/05/2008 Grapevine Spring, AZ 100  100 
04/25/2008 Pupfish Refuge  6  
05/03/2008 Pupfish Refuge  70 76 
04/24/2008 Quail Spring  138 138 
04/02/2008 Red Rock Spring  100 100 
04/02/2008 Tassi Spring  75 75 
Total 2008    539 
     
04/16/2009 Goldstrike Canyon 143  143 
03/15/2009 Grapevine Spring, AZ 705  705 
04/02/2009  Quail Spring  50  
04/18/2009 Quail Spring  65 115 
04/06/2009 Red Rock Spring  100 100 
04/06/2009 Tassi Spring  123  
04/18/2009 Tassi Spring  100 223 
Total 2009    1276 
     
04/01/2010 Tassi Spring 154   
04/03/2010 Tassi Spring 143   
04/08/2010 Tassi Spring 182   
05/18/2010 Tassi Spring  20 499 
04/19/2010 Quail Spring 20   
05/22/2010 Quail Spring 179  199 
04/28/2010 Red Rock Spring 63   
05/10/2010 Red Rock Spring 46  109 
Total 2010    807 
Cumulative Total 1785 847 2632 
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Table 19.  Numbers of late-stage tadpoles and post-metamorphic frogs of Rana onca raised from 
eggs collected at Lower Blue Point and released at translocation sites or at Lower Blue Point 
(augmentation) from 2008 through 2010. 
Date Translocation Site Tadpoles 
Released 
Frogs 
Released 
Site & Grand 
Total By Year 
06/05/2008 Upper Blue Point  74  
06/11/2008 Upper Blue Point  14  
06/19/2008 Upper Blue Point  5  
06/26/2008 Upper Blue Point  16  
07/15/2008 Upper Blue Point  46 155 
05/29/2008 Lower Blue Point  135  
06/11/2008 Lower Blue Point  7  
07/22/2008 Lower Blue Point  12  
07/30/2008 Lower Blue Point  5 159 
05/21/2008 Rogers Spring  47  
06/11/2008 Rogers Spring  7  
07/22/2008 Rogers Spring  10 64 
Total 2008    378 
     
06/10/2010 Lower Blue Point 77  77 
06/10/2010 Upper Blue Point   10 10 
05/11/2010 Perkins Pond 187   
05/25/2010 Perkins Pond 185  372 
Total 2010    459 
Cumulative Total 449 388 837 
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SUMMARY AND RECOMMENDATIONS  
 
Experimental Sites  
 
In general, management actions associated with this project resulted in an increase in the overall 
numbers of R. onca observed during visual encounter surveys (Figure 1).  This increase results 
predominantly from increasing numbers at experimental sites (Figure 2), particularly Quail 
Spring, Goldstrike Canyon, Grapevine Canyon (AZ), and Pupfish Refuge Spring.  Numbers at 
Tassi Spring have also contributed substantially at times, but fluctuations in numbers at this site 
have been large, indicating a potential disease process or perhaps high predation.  All these 
experimental sites were already well established or had just finished permitting (i.e. Quail 
Spring) at the start of this project, but the success of these sites was supported by translocations 
over the last three years.  
 
Only one new site, Perkins Pond, was established during this project, although Quail Spring 
received its first frogs in 2008.  As mentioned above, Perkins Pond is an artificial pond that 
requires routine maintenance to manage water levels, keep the frog fence intact, and mitigate 
vegetation encroachment.  Development of a management plan for this site is necessary.   
 
As has become obvious over the last several years, indentifying or creating new sites for R. onca 
will be a challenge into the future.  Such actions, however, are critical.  The CAS calls for 
assessing the sustainability of experimental sites following 5 years of augmentation, and most of 
the experimental sites, except Quail Spring and Perkins Pond, have been removed from further 
augmentation following translocations over 5 or 6 years.  Many of these sites appear likely to 
maintain populations through time, although Red Rock Spring does not appear to retain pooled 
water sufficient to sustain tadpoles through metamorphoses.   
 
Expansion of the number of sites occupied by R. onca is important as disease processes, such as 
chytrids, or stochastic events, such as the floods that devastated habitat at Bighorn Sheep Spring, 
could eradicate populations at sites in the future.  Spring sites along the Muddy River show 
promise for relocations, although sites in this areas will likely require high levels of active 
management to maintain favorable habitat conditions, along with fencing to keep out exotic 
bullfrogs.  Returning R. onca to springs in this region also faces some bureaucratic challenges; 
nevertheless, identifying and permitting sites in this region should be a high priority.  
 
Natural Sites  
 
Overall numbers at natural sites remain relatively low (Figure 2), particularly following the 
decline and lack of recovery of R. onca at Bighorn Sheep Spring from the floods in 2006.  At the 
beginning of this project, numbers of frogs observed at Rogers Spring, Lower Blue Point, and 
Upper Blue Point had become so low that emergency augmentations were conducted in 2008 and 
again in 2010 using eggs collected from Lower Blue Point.  The increases seen during visual 
encounter surveys at these sites in 2009 and extending into 2010 (Figure 1) were mostly counts 
of these augmented animals.   
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Habitat at the Northshore spring sites suffers from relatively recent declines in disturbance 
following burro reductions in the region and from the long-term presence of nonnative, tropical 
fish within the streams.  Habitat mananagment actions, such as vegetation reductions and 
creation of fish-free pools, conducted at these sites in recent years (Jaeger et al. 2009) have been 
short-lived and of limited success.  More aggressive actions should be undertaken.  A strategy 
for eradicating nonnative fish over stream stretches has been developed, and implementation of 
the strategy is recommended.  Actions to limit growth of natural riparian vegetation, along with 
efforts to keep important stretches of stream from tunneling underground should also be taken.  
In the meantime, further short-term efforts to cut vegetation to maintain and open-up habitat 
along important stream sections should be continued, particuarly at Upper and Lower Blue Point.  
Recent efforts by NPS personnel to reduce fish numbers in a segment of one of these streams 
holds some promise to incease the potential for tadpole survival over the short-term, and should 
be continued, assessed, and potentially expanded.  
 
Disease processes in R. onca are also a concern, and as summarized above, sampling for Bd, the 
causal agent for chytridiomycosis, has recently been initiated.  Understanding the potential for 
Bd in R. onca, and the potential impacts of this disease on populations if found, are important, as 
this disease could govern success of translocations and long-term persistence of natural 
populations.  Large sample sizes are needed to assess prevalence (or lack thereof) in any 
particular system with statistical assurance.  Further efforts to detect and assess Bd in the system 
should be encouraged and supported.    
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Figure 1.  Pattern of change in number of R. onca adults and juveniles seen at all sites from 2007 
through 2010.  Data from 2007 are included for reference.  Numbers represent the highest counts 
from visual encounter surveys during each period; in most cases from nocturnal surveys.  Note 
that over the series, Perkins Pond and Quail Spring were added and Lower Grapevine was lost.
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Figure 2.  Pattern of change in number of R. onca adults and juveniles as depicted by 
experimental and natural sites from 2007 through 2010.  Data from 2007 are included for 
reference.  Numbers represent the highest counts from visual encounter surveys during each 
period; in most cases from nocturnal surveys.  
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INTRODUCTION  
 
Winter counts of bald eagles in Lake Mead National Recreation Area (LAME) have been 
conducted by the National Park Service (NPS) since the early 1980s, although 
methodologies and level of effort have varied. The objective has been to document trends 
in the number of wintering bald eagles using Lakes Mead and Mohave and to identify 
important wintering areas.  These counts are part of a national effort to determine 
regional and overall species status.  Bald eagles are gregarious in the winter; therefore 
mid-winter surveys conducted across North America have been an important tool in 
estimating overall numbers of this species.   
 
The following document is meant to provide LAME with a standardized operating 
procedure (SOP) for conducting eagle counts.  This document specifically outlines 
individual responsibilities for the Eagle Count Coordinator, Lead Observers, Boat 
Operators, Data Recorders and additional Observers. Attached to this document are 
samples of the Standard Survey Route Maps to guide Boat Operators, Data Recording 
Maps for recording eagle locations, and Data Tables for recording observations.  Prior to 
leaving the boat dock, the Lead Observer for that boat will identify each individual’s 
primary responsibilities during the count. Please carefully read the sections of this 
document that pertain to your responsibilities.  Any questions or conflicts should be 
directed to the Coordinator (currently Dawn Fletcher 702-293-8658, 
dawn_fletcher@partner.nps.gov).  
 
Please be aware that boat speeds will be restricted from those sometimes conducted 
during past surveys which may require longer periods of time to complete survey routes 
(see Table 1 for estimates of past survey times). Volunteers should plan for a full day’s 
work. 
 
 
VOLUNTEER RESPONSIBILITIES 
 
Eagle Count Coordinator 
 
The eagle count coordinator is responsible for planning and implementing the winter bald 
eagle count within LAME and for fulfilling reporting requirements and deliverables.  The 
Coordinator will ensure adherence to the protocols set up by the U.S. Geological Survey 
(USGS) Snake River Field Station (SRFS), and by the LAME GIS/Data Management 
Branch of the Resource Management Division.  By following these specific guidelines, 
the data collected from these counts will allow for more reliable eagle monitoring within 
the park, and will also provide more accurate data as part of a national dataset to monitor 
trends in Bald Eagle populations.  
 
Responsibilities of the Coordinator: 
 
 The Coordinator will select an appropriate date to perform the winter bald eagle 
count.  This date will fall within the recommended survey period for the National 
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effort, and if possible, coincide with target dates for Arizona and Nevada.  A backup 
date will also be selected in the event that the original count is not performed. 
 
 The Coordinator will identify and recruit qualified Lead Observers, Boat Operators, 
Recorders, and other volunteers.  Preferably, Lead Observers will be individuals with 
extensive bird identification experience.  There are 8 survey routes, each requiring at 
least one Lead Observer, Boat Operator, and Recorder.  No more than three additional 
volunteer observers should be on any single boat.  The Coordinator will assign 
individual responsibilities and assign personnel and volunteers to boats; any requests 
for additional participation must be made through the Coordinator.  During the 
months of December and January, the Coordinator will follow up with at least two 
reminders to all personnel and volunteers.    
 The Coordinator will provide several training sessions for Lead Observers and 
available Recorders prior to the count.  Training sessions will focus on eagle 
identification, mapping, data recording, and GPS operation.   
 The Coordinator will arrange for boats and Boat Operators; and will work with Boat 
Operators or other NPS personnel to ensure that the boats are in good working order 
and ready for the count.    
 The Coordinator will provide standard operating protocols (SOP) to all members of 
survey crews (via email) at least one week prior to the count; this will allow time to 
address questions from volunteers. 
 The Coordinator will arrange for at least two pairs of binoculars to be present on each 
boat. 
 The Coordinator will supply Lead Observers with waterproof datasheets. 
 In the event that a survey route cannot be conducted or completed on schedule, the 
Coordinator or another qualified lead observer appointed by the Coordinator along 
with at least one other volunteer will complete the survey the following day.     
 The Coordinator will ensure the acquisition of original documents and GPS units 
from the Lead Observers no later than one week after the count. The Coordinator will 
immediately deliver GPS units to the GIS/Data Management Branch for data off-
loading and incorporation into the geo-spatial database. 
 The Coordinator will enter observational data into the LAME geospatial database and 
manage the storage of original hard copies and maps. 
 The Coordinator will adhere to NPS/LAME protocols for QA/QC (quality assurance 
and control) and arrange a QA of the updated database.  The QA procedure for 
databases will be coordinated with the GIS/Data Management Branch.   
 The Coordinator will respond to and arrange for the transfer of the quality assured 
data to cooperating agencies following communication with appropriate NPS and 
supervisory personnel. Once the data have been entered and reviewed for 
discrepancies, they will be submitted, along with GIS maps of survey results, to 
Arizona Game and Fish Department, the Nevada Department of Wildlife, and the 
Snake River Field Station (USGS).   
 Upon completion of the eagle count, and after the observational data have received an 
official QA, the Coordinator will send out thank you emails to all individuals 
involved with the effort and provide the official count of eagles observed.    
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Lead Observers 
 
A designated Lead Observer will be in charge of each survey group.  Preference will be 
given to individuals with bird identification experience. Lead Observers are required to 
have one-day orientation/training prior to conducting surveys. 
 
Responsibilities of Lead Observer: 
 
 Although the Boat Operator has responsibility to ensure that weather conditions are 
safe for boat operation, the Lead Observer has responsibility to decide if weather 
conditions are acceptable for conducting a successful count.  If weather conditions 
significantly impede observations of eagles, the Lead Observer can terminate the 
survey. 
 Lead Observers will help ensure that boat speed does not exceed 15 mph during 
periods when observers are attempting to spot eagles.   
 If a Recorder has not been specifically assigned to a boat, the Lead Observer will 
select a volunteer from the boat crew to function as the data recorder for the route.  In 
this case, the Lead Observer will provide training to the Recorder prior to start of the 
survey and check the first three records to verify they are documenting correctly.   
 The Lead Observer will provide waterproof data sheets to the Recorder.   
 As part of the QC procedures, the Lead Observer will periodically check with the 
Recorder to make sure observations are being documented properly.  If any errors 
have been made, all possible corrections should be made promptly, and the source of 
error should be addressed.       
 The Lead Observer will coordinate communication between Observers, Recorders, 
and Boat Operators.  Any disagreement over eagle identification and location will be 
settled by the Lead Observer. Unless the Lead Observer isn’t completely confident 
about the accuracy of the species identification, the observation should be recorded in 
the appropriate unknown category. 
 As part of the QA procedures, while all volunteers are still on the boat, the Lead 
Observer will review the data sheets and maps with the Recorder and other boat 
members to make certain that the data sheets have been filled out properly, 
completely, and to confirm observations. 
 The last task assigned to the lead observer is to collect datasheets, maps, and GPS 
units and to make certain that the Coordinator receives the data and GPS unit within 
one week of the survey. The data sheets can be sent to Dawn Fletcher through Lake 
Mead’s inter-office mail system, and GPS units should be dropped off in her office.   
 
 
Boat Operators 
 
All Boat Operators using NPS crafts must be motorboat operator certified (MOC) by the 
Department of the Interior.  Non-NPS Boat Operators, such as NDOW personnel, must 
follow their agencies’ requirements. All Boat Operators must be familiar with the lake on 
which they will be operating. 
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Responsibilities of Boat Operators: 
 
 First and foremost, the Boat Operator is responsible for the safety of their crew and 
preventing damage to the boat.  It is the responsibility of the Boat Operator to decide 
if weather conditions are safe for boat operation.  Even if the Boat Operator 
determines that weather conditions are safe, the Lead Observer can still cancel the 
survey if weather conditions are not conducive to a successful eagle count.  
 Boat Operators should accommodate the requests of the Lead Observers whenever 
possible to insure a successful count. The purpose of the survey is to count bald 
eagles in a systematic way that will be repeatable and comparable from one year to 
the next.  This may become somewhat tedious due to speed restrictions, and 
adherence to other aspects of this protocol, but the Lead Observer holds the 
responsibility for ensuring the quality of the survey.  
 Boat Operators are required to conduct the surveys at a maximum speed of no more 
than 15 mph during portions of the survey when observers are searching for eagles.  
Within this speed limit, observers on the boat should be able to scan all nearby cliffs 
and shorelines thoroughly.  Boat operators should be responsive to requests from the 
Lead Observer to reduce boat speeds to improve observation. 
 Each boat will be equipped with a GPS unit.  On boats not equipped with a 
speedometer, Boat Operators should utilize information from the GPS to maintain 
survey-appropriate boat speeds.  
 To prevent overlaps or gaps among survey routes, Boat Operators should strictly 
follow the standard survey route (SSR) map and instructions provided to them (see 
below).  Boat operators should maintain the safest distance from shoreline that allows 
most likely observation of eagles.  Keep in mind that shoreline terrain and vegetation 
will obscure eagles that may be present.  All navigable coves should be surveyed for 
eagles.  This means that boat operators should take their boats into each cove as far as 
necessary to allow observers to see into the end of the cove and side drainages. 
 
Recorders 
 
The data Recorder will be chosen by the Coordinator or by the Lead Observer and this 
person cannot be the Boat Operator or the Lead Observer.  Recorders should keep in 
mind that their primary responsibility is data recording and not observation.  
 
Recorder Responsibilities: 
 
 The Recorder is responsible for filling out data sheets completely and correctly.  
 The Recorder will record data onto two data sheets: (1) Midwinter Bald Eagle Survey 
Form which includes a Data Table and (2) Data Recording Map. To avoid unreadable 
data due to possible inclement weather, all data sheets will be printed on write-in-the-
rain paper, and should be completed using pencil or water-proof ink; these materials 
will be provided by the Lead Observer. 
 During the active survey, only the Data Table and Data Recording Map are filled out 
for observations.  For observational data, the Recorder should only record 
information confirmed or communicated by the Lead Observer regarding species 
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identification. Any location data or times recorded on the Data Table should be 
derived from the GPS unit, and locations mapped on the Data Recording Map should 
be coordinated with the Lead Observer and Boat Operator (see information below on 
filling out datasheets).  
 Lastly, as part of the QA procedures, while all volunteers are still on the boat, the 
Recorder will facilitate a review of the Data Table and Survey Area Map by the Lead 
Observer to confirm observations and to make certain that the datasheets have been 
filled out properly and completely.  Final decisions on any discrepancies will be made 
by the Lead Observer. 
 
Observers  
 
The main responsibility of other Observers is to spot eagles and to assist the Boat 
Operator.   
 
Responsibilities of Observers:  
 
 Because survey routes may be long and the counts tedious, volunteer Observers 
should be responsible members of the survey crew and assist with spotting eagles 
throughout the survey. 
 A secondary role of Observers is to assist the Boat Operator when in shallow waters 
to avoid collisions or grounding.  Observers should take the lead in this, relieving the 
Lead Observer and Recorder of such responsibilities and allowing these individuals to 
focus on eagle observations and data recording.  
 
 
ITEMS THAT ALL VOLUNTEERS AND PERSONNEL SHOULD HAVE 
 
 Water; all personnel should bring enough water to last the entire day, potentially 
eight+ hours of surveying.   
 Snack and pack lunch. 
 Appropriately dress.  You are strongly advised to bring rain gear.   Also, be 
aware that it can get very cold on the lake due to wind and humidity.  Warm 
layers are recommended.  You may also want a hat that will remain on your head 
while the boat is moving and sun screen.  
 Volunteers/personnel should bring binoculars if available. 
 
 
COUNT GUIDELINES AND PROTOCOL 
 
Length and Time of Routes 
 
Standardized Survey Routes (SSRs) within LAME were originally developed in 2000.  
Survey routes were planned to incorporate all shorelines of Lakes Mead and Mohave 
without overlap.  The following table is a list of the eight standardized routes, a 
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description of each, and the average length of time these routes have taken to complete in 
years past.   
Please be aware that these times do not reflect the new guidelines for boat speed and, will 
likely be an under representation of the time required to complete each route.  Also note 
the changes to the Overton and Boulder Canyon routes. They have been shortened and 
lengthened, respectively, in an effort to accommodate the standards established by these 
guidelines. Below are descriptions of the two modified routes: 
 
Overton Arm Route will leave from Overton Marina (same as in years past), 
first surveying the Virgin River and Muddy River Basins, which flank Mormon 
Mesa, just north of Overton Beach. These areas tend to have higher 
concentrations of eagles and should be surveyed in the morning while birds are 
most active.  From the basins, the boat will head south along the eastern shore 
until reaching Heron Island then bear west past Ramshead Island to the western 
shore ; when the boat is east of the island, this is the southernmost extent of the 
survey route.  Double-back through the Lower Narrows, and proceed northeast 
along the eastern shore looking for eagles only on the northern halves of 
Ramshead, Heron and Gull Islands (may not be islands in lower water years).  
From Heron Island, the route runs north along the eastern shore, back to the 
Virgin and Muddy Rivers, areas that were surveyed earlier.  Then return to 
Overton Marina.  
 
Boulder Canyon Route Surveying for this route begins in Callville Bay, and 
continues through the Narrows to Middle point.  However, starting this year the 
route will pick up the remaining areas within the Overton arm by continuing 
around and north of Middle Point (the bottom of the Overton arm).  The route will 
now continue traveling north along the western shore to Ramshead Island in the 
Lower Narrows.  Double-back down the Lower Narrows, and proceed east 
looking for eagles only on the south halves of Ramshead, Heron, and Gull Islands.  
Proceed south along the eastern shore until Walker Bay At this point continue on 
the survey route heading back to Lake Mead Marina. 
 
Detailed SSR maps of your assigned route will be provided. These route maps are 
designed to help observers/recorders accurately determine eagle locations prior to 
marking on the Data Recording Maps.  Additionally, all boats will be equipped with 
Global Positioning Systems (GPS) to track the route traveled in each survey area and 
enable the determination of route length annually, taking into account fluctuating lake 
levels.  The GPS units provide boat speeds, intended to help Boat Operators to maintain 
speeds of no more than 15mph during the entire portion of the survey when 
Volunteers/Personnel are actively searching for eagles.   
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Table 1.  Description of route paths for winter bald eagle counts on Lakes Mead and 
Mojave and approximate times required to complete paths.  Detailed maps of each 
route will be provided 
 
Route 
Name 
Route Description 
Approximate Survey 
Length 
Boulder 
Basin 
Lake Mead Marina to Callville Bay, across the 
basin to Burro Point and back to the Marina. 
530 minutes (~ 9 hours) 
Boulder 
Canyon 
Callville Bay through the Narrows to Middle Point, 
north to Ramshead Island, across to eastern shore 
and Heron Islands, south to Walker Bay, then 
returning to Lake Mead Marina 
300 minutes (~ 5 hours); 
based on previous 
version of route 
Overton Arm 
Echo Bay clockwise around perimeter of Overton 
Arm south to Ramshead Island, across to the 
eastern shore and Heron Islands, north to the 
Marina. 
507 minutes (~ 9 hours); 
based on previous 
version of route. 
Temple Bar 
West 
Temple Bar to the east entrance of Narrows, 
Walker Bay to the Temple 
450 minutes (~7.5 hours) 
Temple Bar 
East 
Temple Bar to Iceberg Canyon 465 minutes (~ 8 hours) 
Willow 
Beach 
Hoover Dam to Owl Point 465 minutes (~ 8 hours) 
Cottonwood Owl Point to Mile 12 400 minutes (~ 6.75 hours) 
Katherine Davis Dam to Mile 12 232 minutes (~ 4 hours) 
 
  
Filling out Data Sheets  
 
Included in this document are two data sheets, the Midwinter Bald Eagle Survey Form 
and the Data Recording Map.  Below are descriptions of each of these data sheets and a 
brief summary of the data recording methods.  
 
1. Midwinter Bald Eagle Survey Form: At the beginning of the survey, fill in all 
survey-specific fields such as date and observers.  Start time is entered when the 
boat leaves the dock to begin the survey.  When eagles are observed, fill in a 
separate record for each bird, starting in the first empty row of the observation 
table located at the bottom of the Midwinter Bald Eagle Survey Form, and 
working down with each successive sighting.  The Recorder will assign each of 
these observations with a sequential observation number.  Make sure to note the 
observation time that most closely corresponds to the point when the boat is 
closest to the eagle; this way observations can be referenced to the closest GPS 
recording. The corresponding observation number will be marked on the Data 
Recording Map in the location where the eagle was first seen. For example, if an 
adult bald eagle was detected in the Muddy River Basin, and it was recorded in 
the observation table as observation number two, then a number “2” would be 
placed on the Data Recording Map where the eagle was first observed (see 
example Midwinter Bald Eagle Survey Form and Data Recording Map attached), 
 
Eagle Count Protocols 9 
2. Data Recording Map: The location of where each eagle is first seen should be 
marked on the Data Recording Map.  This map contains a UTM grid to assist with 
plotting locations.  Please note that the lake levels indicated are not those 
currently observed and points on shore may actually be mapped within the lake. 
This location can be determined by using the GPS and in conjunction with the 
detailed SSR Maps. The SSR Maps have topography, cove names, shorelines of 
three different lake levels, and UTM coordinate grids for reference. Once the 
eagle’s location is known, it should be marked with its corresponding observation 
number on the Data Recording Map, and then circled.  If more than one eagle is in 
the same place on the map, simply note the observation numbers off to the side 
and draw a single arrow to the common location. 
 
Eagle Count Protocols 10 
Appendix 1.  Example Midwinter Bald Eagle Survey Form 
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Appendix 2.  Example Data Recording Map 
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Appendix 3 Example Standard Survey Route Map 
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EXECUTIVE SUMMARY 
 
 Winter count of bald eagles on Lakes Mead and Mohave completed January 4-18, 2007. 
 Inclement weather affected surveys and required an extended survey period. 
 Implementation of new count guidelines and protocols initiated this year. 
 Implementation of boat speed restriction required adjustments to two of the survey routes. 
 The total official survey count was 87 bald eagles, (30 adults and 57 immature), 1 
immature golden eagle, and 4 unidentified eagles.  This was the largest number of bald 
eagles recorded during surveys at LMNRA. 
 The high count this year may, however, reflect variation in methodology.  
 Multiple surveys along the Overton route were performed in an effort to evaluate variation 
in numbers of eagles counted during the sampling period and to better understand 
fluctuations in arrival and departure dates of bald eagles. 
 
 
INTRODUCTION 
 
Winter counts of bald eagles (Haliaeetus leucocephalus) in Lake Mead National Recreation 
Area (LMNRA) have been conducted by the National Park Service (NPS) since the early 
1980s, although methodologies and level of effort have varied.  The objective has been to 
document trends in the number of wintering bald eagles using Lakes Mead and Mohave, and 
to identify important wintering areas.  These counts are part of a national effort to determine 
regional and overall species status.  Bald eagles are gregarious in the winter; therefore, mid-
winter surveys conducted across North America have been an important tool in estimating 
overall numbers of this species.  
 
The count methodology was modified this year from previous years in an effort to improve 
accuracy of the count. Modifications included a limit on maximum boat speed, better training 
of lead observers and recorders, adjustments made to two of the routes to allow for more even 
coverage by crews, and the deployment of global positioning system (GPS) units with each 
boat in order to record boat survey paths and help determine boat speeds.  Summaries of these 
modifications are provided below with details available in a formal document provided to 
each crew member participating on this year’s count (see Fletcher 2007).  
 
 
METHODS 
 
Annual Count  
 
For the 2007 bald eagle count, lead observers, boat operators, data recorders, and other 
volunteers were recruited predominantly from individuals in Resource Management at 
LMNRA and with Public Lands Institute (PLI).  Volunteers also included an employee from 
Nevada Department of Wildlife and an employee from the Biological Resource Discipline, 
USGS. A total of forty-four individuals participated in the count on January 11, 2007.  
 
Lead observers and data recorders were provided four opportunities to receive training in 
eagle identification, mapping, data recording, and GPS operation.  All lead observers and all 
but one of the data recorders participated in at least one training event.  These trainings 
focused on informing participants of new count procedures and guidelines, use of new data 
recording sheets and maps, and use of the GPS units (Fletcher 2007).  Training focused on the 
basic plumage characteristics used to distinguish adult from juvenile bald eagles and bald 
eagles from golden eagles.  Trainings were also provided in proper use of the new data 
recording sheets and maps employed this year  
 
In order to improve eagle observations, a maximum boat speed of 15mph was established.  
All boats were equipped with GPS units (Garmin models GPSmap 76Cx, GPSmap 76s, and 
GPSmap 76) to determine boat speeds and record boat survey paths.  The track-log functions 
on the GPS units were set to collect a position every 30 seconds (see Figures 2-6 for 
illustration of GPS-recorded paths).  When an eagle was observed, a time from the GPS unit 
was recorded on the data sheet, but because eagles could be observed at a distance and would 
not necessarily match boat locations, observations were officially recorded on hardcopy maps.   
 
As in years past, all surveys were conducted by boat.  Survey routes were planned to 
incorporate all shorelines of Lake Mead and Mohave without overlap and with the objective 
of minimizing double-counts by completing all routes on a single day. Routes followed paths 
standardized in 2000 (3 routes on Lake Mohave and 5 routes on Lake Mead; see Fletcher 
2007) with the exception of the Overton and Boulder Canyon routes (see Figure 2), which 
were modified this year to allow for better coverage given the new boat speed restrictions. 
The Overton route was shortened with the length added to the Boulder Canyon route. The 
new route descriptions follow:  
 
Boulder Canyon: Surveyed clockwise, beginning with the east side of Callville Bay 
and continuing east through Boulder Canyon to Middle Point, then bear north along 
the western shore of Overton Arm; continue north until Ramshead Island, then bear 
east to survey the south side of Ramshead Island and the Heron Islands; upon reaching 
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eastern shore, bear south to Walker Bay, then return through Boulder Canyon and 
resume surveying along Arizona (south shore) until finishing at Burro Point. 
 
Overton Arm:  Survey the northern two-thirds of Overton Arm, with Ramshead and 
Heron Islands being the southern-most extent. 
 
Inclement weather affected surveys and resulted in several incomplete survey routes during 
the scheduled count on January 11, 2007.  The national survey target dates were from January 
3-17 with the Nevada dates targeted on January 12 and13, 2007.  Surveys used for the final 
count within LMNRA were completed between January 4-18, 2007.  Details of all surveys 
conducted this year are included in the Results section (below).   
 
All the data collected during the count were entered into a geodatabase in ArcGIS by the 
eagle count coordinator (D.F.).  To ensure that the data were entered completely and correctly 
(quality assurance), a member of the LMNRA data management team reexamined the data 
and database for discrepancies.  
 
Multiple Surveys of Overton Route 
 
Multiple surveys of the Overton route were performed in an effort to evaluate variation in 
numbers of eagles counted during the sampling period, and to help discern fluctuations in 
arrival and departure dates of bald eagles.  The Overton route was selected because it has 
consistently returned the largest number of bald eagles during previous counts.  The idea is to 
conduct multiple surveys of this route over the next several years to assist with evaluations.   
 
 
RESULTS 
 
2007 Count 
 
The total official survey count was 87 bald eagles, (30 adults and 57 immature), 1 immature 
golden eagle, and 4 unidentified eagles (Table 1; Figure 1).  The total survey effort toward the 
official count was 65 hours.  Inclement weather resulted in a substantial increased effort to 
complete all surveys.  Taking into account failed survey attempts, the net effort totaled 96.4 
hours of search time.  As in past surveys, the Overton route returned the largest number of 
bald eagle observations.   
 
Inclement weather resulted in several failed surveys during the scheduled count on January 
11, 2007, the date originally established to perform the eagle count.  Only four of the eight 
survey routes (Katherine, Cottonwood, Willow Beach, and Temple Bar East) were completed 
on the scheduled survey date (Table 2), but conditions for the Willow Beach route were 
determined by the lead observer and the coordinator to be too poor, because of high winds and 
waves, for use in the official count.  The Willow Beach route was completed the following 
week on January 18.  On January 16, the Boulder Canyon, Boulder Basin, and Temple Bar 
West routes were completed in their entirety.  High winds prevented the completion of the 
Overton route on January 11 and again on the January 18.  The route was surveyed in its 
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entirety as part of the effort to evaluate eagle number fluctuations on January 4, and the 
coordinator decided to use these data for the official count (Table 1). 
 
All data recorded on January 11, are reported in Table 2 for comparisons (including those 
from partially completed routes).  The total number of eagles seen on January 11 was 36 bald 
eagles (15 adults and 21 immature), 1 immature golden eagle, and 3 unidentified eagles.  The 
total survey effort on January 11 was 43 hours and 30 minutes.   
 
Multiple Surveys of Overton Route 
 
Observer and recording trainings were conducted on the Overton route and data were 
recorded during these training events, but none of these training events consisted of a 
complete survey of the Overton route.  A total of four attempts were made to provide 
complete surveys of the Overton route, but inclement weather resulted in two of these surveys 
not being completed.  Table 3 provides information on the various dates the Overton route 
was surveyed and the eagles observed.   
 
 
DISCUSSION 
 
2007 Count 
 
The 2007 count recorded the largest number of bald eagles since the surveys began in the 
early 1980s (Table 4), and may have represented an actual increase in the number of bald 
eagles using Lakes Mead and Mohave this year.  This high count, however, could be a 
product of the more strict survey guidelines initiated this year, particularly the limit on 
maximum boat speed.  The high number of bald eagles might also have resulted from the 
counts being performed over multiple days rather than being completed on a single day as 
conditions normally allow.  An underlying assumption of the methodology is that movements 
into and out of a sampling area during the short periods between samples, are likely to 
roughly cancel out.  Sampling over multiple days added a source of unquantified error, but 
there is no evidence that the results were exaggerated or diminished through this potential 
error.  The percentage of immature bald eagles recorded this year was the also the highest on 
record and may be an indicator of a population expansion or simply a good recruitment year. 
 
Although it is difficult to draw strong conclusions about the results of these surveys during 
any given year due to the inherent sources of error in the methodology discussed above, long 
term monitoring adhering to strict sampling protocols should reveal trends.  There is little 
doubt that despite the sampling difficulties and the relatively inconsistent methodologies used 
at LMNRA over the years, that the data (see Table 4) probably represent an increase in use 
Lakes Mead and Mojave by wintering bald eagles since 1991.  This is not surprising, given 
the national population trend for this species during the same time period.  Strict application 
of the methodology used this year, with some minor adjustments if deemed desirable or 
necessary, should provide a reasonably accurate and cost effective method for monitoring the 
trend for this species using these lakes.  This count can be analyzed along with other counts 
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from other areas performed at roughly the same time of year to assess and track the status of 
this species through time with a fair degree of confidence. 
 
Recommendations 
 
The impact of inclement weather on the scheduled count day this year made obvious the need 
to schedule an official back-up date to complete counts in the future.  This year’s scheduled 
count should have been canceled on the date of the storm and then reorganized.  Organizing 
eight boats, boat drivers, and accompanying observers, however, has become difficult in 
recent years as employees/volunteers have numerous other time-critical obligations.   
 
We also raise here the possibility that future counts might better be organized as two-day, 
back-to-back events with Lake Mead being surveyed one day and Lake Mohave on the next.  
The advantage would be that certain boats and crews could participate on both days and 
volunteers would have some flexibility in the selection of dates to participate.  This approach 
would also allow the coordinator to better select lead observers with the best qualifications.  A 
potential limitation of this approach is that there may be a slight increase in error as eagles 
might move between the lakes.  However, as discussed above, there is no evidence that this 
would bias the count in one direction or the other (i.e., toward over or undercounting) and, 
historically, few bald eagles have been observed along the routes that abut the two lakes.  
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Table 1.  Number of eagles recorded on Lakes Mead and Mohave used as the official winter count of 2007.  The numbers provided 
in this table were submitted to the national effort.   
 
Route Date of 
Survey 
Total 
Bald 
Adult  
Bald 
Immature 
Bald 
Unknown 
Bald 
Adult 
Golden 
Immature 
Golden 
Unknown 
Golden 
Unidentified 
Eagle 
Katherine 11 Jan 07 1 1 0 0 0 0 0 0 
Cottonwood  11 Jan 07 4 2 2 0 0 1 0 2 
Willow Beach  18 Jan 07 6 1 5 0 0 0 0 0 
Boulder Basin  16 Jan 07 11 2 9 0 0 0 0 0 
Boulder Canyon  16 Jan 07 17 9 8 0 0 0 0 0 
Overton  4 Jan 07 28 10 18 0 0 0 0 2 
Temple Bar West  16 Jan 07 14 4 10 0 0 0 0 0 
Temple Bar East  11 Jan 07 6 1 5 0 0 0 0 0 
Total  87 30 57 0 0 1 0 4 
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Table 2.  Numbers of eagles recorded on January 11, 2007, the schedule target day for the Lake Mead and Mohave count.  
Inclement weather (high winds and waves) resulted in half the routes not being completed in their entirety, and for the Willow 
Beach route the lead observer indicated that conditions were unacceptable for the official count. The information presented in this 
table is for comparative purposes only. 
 
Route  Amount of 
Route 
Surveyed 
Total 
Bald 
Adult  
Bald 
Immature 
Bald 
Unknown 
Bald 
Adult 
Golden 
Immature 
Golden 
Unknown 
Golden 
Unidentified 
Eagle 
Katherine Completed 1 1 0 0 0 0 0 0 
Cottonwood  Completed 4 2 2 0 0 1 0 2 
Willow Beach   Completed 1 1 0 0 0 0 0 0 
Boulder Basin  ~ 25% of the 
Route 
1 0 1 0 0 0 0 0 
Boulder Canyon  ~ 15%  of the 
Route 
0 0 0 0 0 0 0 0 
Overton  ~ 75% of the 
Route 
14 5 9 0 0 0 0 0 
Temple Bar West  ~ 50% of the 
Route 
9 5 4 0 0 0 0 1 
Temple Bar East  Completed 6 1 5 0 0 0 0 0 
Total  36 15 21 0 0 1 0 3 
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Table 3.  Number of eagles observed on the Overton route on various survey dates.  On some dates the Overton route was not 
surveyed in its entirety for various reasons including inclement weather.     
 
Date Amount 
of Route 
Survey 
 
Weather Total 
Bald 
Adult 
Bald 
Immature 
Bald 
Unknown 
Bald 
Adult 
Golden
Immature 
Golden 
Unknown 
Golden 
Unidentified
Eagle 
Nov 17, 2006 ~ 70% of 
the Route 
Clear/ 
Light 
Wind 
1 1 0 0 0 0 0 0 
Dec 12, 2006 Training 
route not 
followed 
Clear/  
Calm 
20 8 12 0 0 0 0 0 
Dec 13, 2006 Training 
route not 
followed 
Partly 
Cloudy/ 
Calm 
11 4 7 0 0 0 0 1 
Jan 4, 2007 Completed Clear/ 
Calm 
28 10 18 0 0 0 0 2 
Jan 11, 2007 ~75% of 
the Route 
Cloudy/ 
Very 
Windy 
14 5 9        0 0 0 0 0 
Jan 18, 2007  ~ 5% of 
the Route  
Cloudy/ 
Very 
Windy 
1 0 1 0 0 0 0 1 
 
Jan 30, 2007 Completed Partly 
Cloudy/ 
Light 
Wind 
43 16 27 0 0 0 0 2 
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Table 4. Number of eagles recorded from 1991 through 2007 during the winter count of Lakes Mead and Mohave.  Note that 
methodologies have changed through time with routes standardized in 2000 (for an explanation of these changes see Fletcher 
2006).  
 
 
 
 
Year Total 
Bald 
Adult 
Bald 
Immature 
Bald 
Unknown 
Bald 
Adult 
Golden 
Immature 
Golden 
Unknown 
Golden 
Unidentified 
Eagle 
1991 20 4 15 1 0 0 0 0 
1992 23 13 10 0 0 0 0 0 
1993 32 19 13 0 6 5 1 0 
1994 65 35 30 0 10 2 0 6 
1995 36 27 9 0 22 5 1 3 
1996 19 11 8 0 1 0 0 0 
1997 14 11 3 0 3 0 0 3 
1998 29 26 3 0 4 0 1 0 
1999 48 22 26 0 3 1 4 5 
2000 47 32 15 0 7 1 0 4 
2001 60 29 31 0 1 1 0 7 
2002 79 41 38 0 2 1 0 3 
2003 68 37 31 0 2 7 0 8 
2004 60 36 24 0 2 0 0 3 
15 2005 67 42 25 0 3 2 0 
3 2006 67 31 36 0 1 1 0 
2007 87 30 57 0 0 1 0 4 
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Figure 1.  Map of eagle locations documented during the 2007 winter bald eagle count within 
Lake Mead National Recreation Area.   
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Figure 2.  Map of eagle locations and routes documented during the 2007 winter bald eagle 
count on the Boulder Canyon and Overton routes.  Route paths were recorded at 30-second 
intervals using GPS.  
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Figure 3.  Map of eagle locations and routes documented during the 2007 winter bald eagle 
count on the Temple Bar West and Temple Bar East routes.  Route paths were recorded at 30-
second intervals using GPS. 
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Figure 4.  Map of eagle locations and routes documented during the 2007 winter bald eagle 
count on the Boulder Basin route.  Route path was recorded at 30-second intervals using GPS. 
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Figure 5.  A map of eagle locations and routes documented during the 2007 winter bald eagle 
count on the Willow Beach route.  Route path was recorded at 30-second intervals using GPS. 
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Figure 6.  A map of eagle locations and routes documented during the 2007 winter bald eagle 
count on the Cottonwood and Katherine routes.  Route paths were recorded at 30-second 
intervals using GPS. The Katherine route originated at Cottonwood marina, but did not start 
surveying until mile marker 12, the ending point for the Cottonwood route.   
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EXECUTIVE SUMMARY  
 
 Winter counts of bald eagles on lakes Mead and Mohave were successfully conducted in 
early January of 2008 and 2009, under good weather conditions. 
 The official count for 2008 was 116 bald eagles (49 adults and 66 immature) which was 
the largest number of bald eagles counted to date. The official count for 2009 was 108 
bald eagles (49 adults and 59 immature).   
 Multiple surveys of the Overton Arm route were performed each year in an effort to 
evaluate variation in numbers of bald eagles counted.  These surveys suggest that peak 
numbers of bald eagles may not occur until later in January well after the official counts 
have been performed.  
 The general upward trend in bald eagles observed along lakes Mead and Mohave mostly 
appears to reflect improvements in count methodology, but there is some evidence that the 
number of bald eagles using the lakes may also be increasing. 
 Lakes Mead and Mohave are used as important wintering areas for bald eagles.  
 Recommend continuation of surveys adhering to methodology established in 2007, and 
maintaining an eagle count coordinator invested in the outcome of the counts. 
 
 
INTRODUCTION 
 
 Winter counts of bald eagles (Haliaeetus leucocephalus) in Lake Mead National 
Recreation Area (LMNRA) have been conducted in some form by the National Park Service 
(NPS) since 1981.  The objective has been to document trends in the number of wintering 
bald eagles using lakes Mead and Mohave, and to identify important wintering areas. Bald 
eagles are gregarious in the winter, and mid-winter counts conducted across North America 
have been an important tool in estimating the total wintering bald eagle population in the 
lower 48 states (Steenhof et al. 2002).  In more recent years, the annual count effort at 
LMNRA has grown to as many as 48 people and 8 boats.  At this scale of effort, the eagle 
counts provide opportunities towards team building within units of the NPS and across both 
federal and state agencies.  In addition, the count has become an important local media event, 
generally resulting in several newspaper articles and occasional television and radio news 
spots.  This media coverage allows opportunities for public outreach on conservation issues.    
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 Since the inception of the counts at LMNRA, methodologies, level of effort, areas 
surveyed, and data recording have varied substantially. The historical data have been 
reviewed (by J. R. Jaeger and J. Hutcheson) for use in assessing trends in eagle numbers, but 
comparisons across these years are generally not meaningful, even for particular 
geographically constrained survey areas like the Overton Arm of Lake Mead.  An effort to 
stabilize methodology began in 2000 when survey routes were standardized and multiple boat 
crews used to cover all shorelines of lakes Mead and Mohave without overlap, and in a single 
day if possible.  In 2001 an eagle identification guide was compiled (from various photos and 
field guide drawings), and distributed to boat crews in order to assist with distinguishing 
immature bald eagles from golden eagles; modifications to this guide were made in 2006 to 
incorporate additional photos and field guide illustrations (Sibley 2000).  Finally in 2007, 
following LMNRA partnership with the Public Lands Institute, University of Nevada, Las 
Vegas (UNLV), a standard operating procedures document (SOP) for the winter bald eagle 
count was created (see Fletcher 2007, updated 2009), and major changes were initiated to 
make the counts more scientifically rigorous and repeatable.  These changes included:  (1) 
limitation of the maximum boat speed; (2) adjustments to two of the routes to allow for more 
even coverage by crews under the new boat speed; (3) deployment of global positioning 
system (GPS) units with each boat in order to record boat survey paths and help monitor boat 
speeds; (4) more standardized mapping and recording of eagle activity; (5) separation of 
duties among the lead observer, data recorder, and boat operator; and (6) establishment of 
training opportunities for lead observers and data recorders.  The SOP has been a working 
document and small modifications have been made to improve performance over the last 
several years.  
 Although, the USFWS has delisted the bald eagle from endangered status (USFWS 
2007), the national winter bald eagle count is still considered important for monitoring 
population fluctuations post-delisting.  Locally, the bald eagle is a watch list species under the 
Clark County MSHCP (Clark County 2000), and under that plan the NPS has committed to 
monitoring trends of wintering bald eagles at LMNRA.  Herein, we provide a final report for 
work performed towards bald eagle counts during 2008 and 2009 at LMNRA by NPS 
personnel and UNLV researchers (under task agreement with the NPS).  
 
 
METHODS 
 
Annual Count 
The eagle count is conducted on standardized survey routes during the first two weeks 
of January, usually occurring within one or two target dates established by the U.S. 
Geological Survey (USGS) Snake River Field Station.  For the 2008 and 2009 bald eagle 
counts, lead observers, boat operators, data recorders, and observers were recruited 
predominantly from individuals in Resource Management at LMNRA and the Public Lands 
Institute, UNLV.  Volunteers also included employees from Nevada Department of Wildlife, 
Bureau of Reclamation, and the Biological Resource Discipline, USGS.  
 Lead observers and data recorders were provided trainings focused on the use of data 
recording sheets and maps, GPS unit operation, and on the basic plumage characteristics used 
to distinguish juvenile bald eagles from adult and juvenile golden eagles. Survey protocols 
and eagle identification guides were provided to all field personnel. As in years past, all 
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surveys were conducted by boat, and survey routes were planned to incorporate all shorelines 
of lakes Mead and Mohave, with the objective of minimizing double-counts by completing all 
routes during a single day.  Routes followed paths standardized in 2000, with the exception of 
modifications to the Overton and Boulder Canyon routes (see Figure 1) and consisted of 3 
routes on Lake Mohave and 5 routes on Lake Mead (see Fletcher 2007).  As established in the 
SOP, a maximum boat speed of 15 mph was followed.  All boats were equipped with GPS 
units (Garmin models GPSmap 76, 76s, or 76Cx) with the track-log functions set to collect a 
position every 30 seconds.  When an eagle was observed, the time from the GPS unit was 
recorded on the data sheet but, because eagles were often observed at a distance and did not 
necessarily match boat locations, observation locations were officially recorded on hardcopy 
maps to more accurately reflect the actual position.  The species and age class of each eagle 
(as determined by the lead observer), along with activity (flying or perch) were then recorded 
on standard datasheets.    
 After completion of the counts, datasheets and maps were quality assured by the lead 
observer and then assessed for completeness by the count coordinator.  Hand-plotted locations 
were digitized within ArcGIS and stored as a feature class in an ESRI geodatabase.  
Information about each observed eagle (e.g. species, age class, activity) was then entered into 
a related table within the geodatabase.  All data entered by hand from data sheets into electron 
form were assessed for quality by a second independent technician, and assessed for accuracy 
following guidelines established through a data management plan.   
 
Multiple Surveys of Overton Route 
To better understand the potential variation in count numbers, the Overton route was 
resurveyed each year, mostly within the targeted time window for the official eagle count. 
This effort began in 2007 prior to the initiation of this project.  The approach was to follow 
the SOP using qualified personnel that also participate in the official count.  The Overton 
route was selected because it represents a well-defined geographical region and has 
consistently returned the largest number of bald eagles during previous counts.  A complete 
replicate count of lakes Mead and Mohave was not possible given limited resources.  
 
 
RESULTS 
 
Annual Counts 
In 2008 the eagle count took place on January 7, under favorable weather conditions 
(i.e. light winds with early morning clouds clearing by afternoon).  All survey routes were 
completed on that day.  The survey effort totaled approximately 62 hours of search time, with 
46 people on 8 boats.  The total eagle count was 116 bald eagles (49 adults, 66 immature and 
1 of unknown age).  In addition, 2 adult golden eagles, 1 immature golden eagle, and 6 
unknown eagles were also observed (Table 1; Figure 2).  Detailed information from each 
survey route by year can be found in Table 1.  The 2008 count returned the most bald eagles 
recorded to date.  Conditions for this survey were ideal, and likely played a role in the large 
number of eagles observed.   
 In 2009, the eagle count also was conducted on January 7, under favorable weather 
conditions (i.e. light winds and clear skies), however, two routes (Overton and Cottonwood) 
were not completed on the target date because of mechanical problems with the boats.  These 
 2008-2009 Bald Eagle Counts           Page 4 of 14 
 
routes were subsequently surveyed on January 8 under virtually identical weather conditions 
(i.e. light winds and clear skies). There is no evidence that the postponement of these two 
surveys biased the count in one direction or the other.  Participants on the surveys included 48 
individuals on 8 boats, with a total survey effort of approximately 55 hours.  The count for 
2009 was 108 bald eagles (49 adults and 59 immature), 3 adult golden eagles, and 6 
unidentified eagles (Table 2; Figure 3).  
 
Multiple Surveys of Overton Arm 
 Two surveys were conducted on the Overton route in 2007.  After initiation of this 
project, three surveys were conducted during 2008 and 2009 (including the official surveys).  
In order to control observer bias, an effort was made to include at least some of the same 
highly qualified individuals on all three surveys each year and between years.  In 2007 the 
national survey period occurred from January 3-14.  Several attempts were made to conduct 
additional surveys of the Overton route in 2007, but because of inclement weather only two 
surveys were completed.  In 2008, all three surveys of this route fell within the national 
survey period (January 2-14).  During 2008, the lowest count of eagles occurred on the 
official count day, which may be attributed to the inclusion of a media team which the lead 
observer described as distracting observers.  In 2009, the surveys conducted before and after 
the official count occurred outside the national survey period (i.e., December 31, 2008 - 
January 14, 2009).  In general, the additional surveys of the Overton route revealed an 
increase in the number of eagles toward the later parts of January.  These differences appear 
to be substantial, with the largest difference occurring in 2009 when the later survey was 58% 
larger than the official count.  One possible explanation for the late season arrival of bald 
eagles at LMNRA is that this region is at the southern end of wintering areas used by bald 
eagles migrating from the Northwest, and these birds simply may not use these areas until 
later in winter (Buehler, 2000).   
 
Annual Counts 
Bald eagle numbers have been increasing across North America since the banning of 
DDT and an emphasis on protecting nesting, roosting, and important feeding sites (Buehler, 
2000).  In general, the numbers of bald eagles at LMNRA appear to follow this broad upward 
trend.  Unfortunately, the inherent differences in methodology over the years make drawing 
strong conclusions from the long-term data at LMNRA impossible.  Over the last nine years 
(Table 4), however, methodologies have been similar and some level of comparisons can be 
made.  In general, the data suggest an upward trend in the number of bald eagles counted.  
This, however, may partly be an artifact of the methodological change initiated in 2007.  On 
average from 2000 until 2006, prior to initiation of the SOP, the number of bald eagles 
observed per count was 65 ± 10 (1 SD).  This jumped to 87 bald eagles in 2007 with an 
average during 2007-2009 of 104 ± 15 (average ± 1 SD).   
 Interviews with participants of these surveys through the years point to the limitations 
on boat speed and to the clearly defined role of lead observers as important factors in recent 
improvements in the observability and identification of eagles during these counts.  In the 
past, boat operators often moved quickly to shorten survey times.  Visual assessment of the 
numbers of golden eagles observed over the years suggests the possibility that 
misidentifications of these birds may have reduced the number of bald eagles indentified on 
some earlier counts.  There is some evidence, however, to suggest that the upward trend in 
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bald eagles is at least partly caused by increasing numbers of these birds using lakes Mead 
and Mohave.  There have been high percentages of immature bald eagles documented during 
surveys (as high as 66% of total number observed; Table 4, Figure 3).  The high percentage of 
immature eagles using these lakes may be an indicator of good regional recruitment and 
population expansion; however, we really do not know the structure of the population, or 
populations, using these lakes or whether the high numbers of juveniles simply reflects a bias 
in the use of this wintering area by younger eagles.    
 Regardless of historical differences in count methodologies, or in our lack of 
knowledge about the bald eagles using lakes Mead and Mohave, it is clear that these lakes are 
used by these birds throughout the winter months.  Based on counts of eagles made during 
aquatic and shorebird surveys at several sites on both lakes (not associated with the project 
reported herein), bald eagles begin to appear in large numbers during December and leave in 
February with a strong peak in numbers in January (Figure 4).  These data, along with the 
winter bald eagle count returns, clearly indicate that lakes Mead and Mohave are important 
wintering areas for regional bald eagles.  
 
Recommendations 
 Adhering to the methodology established in 2007, with minor adjustments if deemed 
necessary, should provide a reasonable approach to assessing large-scale trends in bald eagle 
wintering numbers at LMNRA over time.  The multiple surveys of the Overton route 
conducted over the past three years indicate that counts in early January may not represent the 
peak of eagle use on these lakes, which may not occur until the latter half of January. 
Potentially, counts in late January may provide a more accurate representation of bald eagles 
using lakes Mead and Mohave, and we recommend the consideration of conducting double 
counts (one during early January and one during late January) during upcoming years to 
assess the actual scale of difference.  Switching the official count to late January, however, 
would make the count fall outside regional sampling periods established at a national level, 
and again would constitute a large change in count methodology. 
We recommend continued implementation of the SOP established in 2007, and note 
that maintaining a count coordinator is critical.  If consistency of data quality is to be 
maintained across years, the count coordinator must be invested in the count outcome and 
have enough influence within the LMNRA community to maintain the professionalism of the 
count. Continuing training of lead observers and data recorders, particularly any new 
personnel performing these roles, will be necessary.   
If resources become limited in the future, we suggest that the surveys of lakes Mead 
and Mohave be split into separate back-to-back days before any individual routes are 
abandoned.  The advantage of this would be that boats and certain crew members could be 
shuttled to participate on both days and other crew members would have some flexibility in 
the selection of participation dates.  This approach would reduce the overall number of trained 
and qualified personnel needed to conduct the count and reduce the number of boats required.  
It would also allow selection of lead observers with the best qualifications.  The main 
drawback of this approach may be an increase in count error as eagles might move between 
the lakes; however, few bald eagles have been observed along the areas that abut the two 
lakes and there is no reason to believe that there is a strong directionality to movements 
between the lakes during the survey period that could bias results.  If resources are extremely 
limited and routes need to be abandoned, we recommend that the count of Lake Mohave be 
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dropped in favor of maintaining a long-term count along Lake Mead where the largest 
numbers of eagles are typically concentrated.  
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Table 1. Number of eagles recorded on Lakes Mead and Mohave on January 7, 2008. 
   
 
 
 
 
 
 
 
 
 
Route  Total 
Bald 
Adult  
Bald 
Immature 
Bald 
Unknown 
Bald 
Adult 
Golden 
Immature 
Golden 
Unknown 
Golden 
Unidentified 
Eagle 
Boulder Basin 8 2 5 1 0 0 0 2 
Boulder Canyon 23 10 13 0 0 1 0 0 
Overton 20 15 5 0 0 0 0 2 
Temple Bar West  26 9 17 0 0 0 0 2 
Temple Bar East 17 5 12 0 0 0 0 0 
Willow Beach  6 0 6 0 2 0 0 0 
Cottonwood  14 7 7 0 0 0 0 0 
Katherine  2 1 1 0 0 0 0 0 
Total 116 49 66 1 2 1 0 6 
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Table 2.  Number of eagles recorded on Lakes Mead and Mohave on January 7, 2009. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Route  Total 
Bald 
Adult  
Bald 
Immature 
Bald 
Unknown 
Bald 
Adult 
Golden 
Immature 
Golden 
Unknown 
Golden 
Unidentified 
Eagle 
Boulder Basin 0 0 0 0 0 0 0 3 
Boulder Canyon 10 6 4 0 0 0 0 0 
Overton 31 12 19 0 0 0 0 1 
Temple Bar West  34 14 20 0 0 0 0 0 
Temple Bar East 11 4 7 0 1 0 0 1 
Willow Beach  7 6 1 0 0 0 0 1 
Cottonwood  14 6 8 0 2 0 0 0 
Katherine  1 1 0 0 0 0 0 0 
Total 108 49 59 0 3 0 0 6 
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Table 3.  Number of eagles observed on the Overton route on various survey dates from 2007 through 2009. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Legend: CL=Clear, C=Cloudy, CA=Calm, Lght= Light wind, Mod= Moderate wind 
Date Weather Total 
Bald 
Adult  
Bald 
Immature 
Bald 
Unknown 
Bald 
Adult 
Golden 
Immature 
Golden 
Unknown 
Eagle 
Jan 4, 2007 CL/CA 28 10 18 0 0 0 2 
Jan 30, 2007 C/CA 43 16 27 0 0 0 2 
Jan 3, 2008 C/CA 26 14 12 0 0 0 2 
Jan 7, 2008 C to CL/Lght 20 15 5 0 0 0 2 
Jan 14, 2008 CL/Lght to Mod 29 12 15 2 0 0 4 
Dec 19, 2008 C/CA 22 10 11 1 0 0 1 
Jan 8, 2009 CL/Lght 31 12 19 0 0 0 1 
Jan 26, 2009 CL/CA 49 16 33 0 0 0 3 
 2008-2009 Bald Eagle Counts           Page 10 of 14 
 
Table 4. Number of eagles recorded from 2000 through 2009 during the winter count of Lakes Mead and Mohave.  Note that 
methodologies have changed through time with routes standardized in 2000, and standard operating procedures implemented in 
2007. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Year Total 
Bald 
Adult 
Bald 
Immature 
Bald 
Unknown 
Bald 
Adult 
Golden 
Immature 
Golden 
Unknown 
Golden 
Unidentified 
Eagle 
2000 47 32 15 0 7 1 0 4 
2001 60 29 31 0 1 1 0 7 
2002 79 41 38 0 2 1 0 3 
2003 68 37 31 0 2 7 0 8 
2004 60 36 24 0 2 0 0 3 
2005 67 42 25 0 3 2 0 15 
2006 67 31 36 0 1 1 0 3 
2007 87 30 57 0 0 1 0 4 
2008 116 49 66 1 2 1 0 6 
2009 108 49 59 0 3 0 0 6 
 2008-2009 Bald Eagle Counts           Page 11 of 14 
 
 
 
Figure 1.  Eight established bald eagle survey routes (2007) within Lake Mead National 
Recreation Area.  Routes are color coded (light blue = Overton, yellow = Temple Bar East, 
red = Temple Bar West, grey = Boulder Canyon, aqua = Boulder Basin, purple = Willow 
Beach; green = Cottonwood, and brown = Katherine).   
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Figure 2.  Map of eagle locations documented during the January 7, 2008 winter bald eagle 
count conducted within Lake Mead National Recreation Area.   
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Figure 3.  Map of eagle locations documented during the January 7, 2009 winter bald eagle 
count conducted within Lake Mead National Recreation Area.
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Figure 4. Number of bald eagles (both adult and immature) counted per month from 2004-
2009 during aquatic and shorebird surveys at 5 sites on Lakes Mead and 3 sites on Lake 
Mohave (these data were not collected as part of this project).  
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EXECUTIVE SUMMARY  
 
 Winter counts of bald eagles on lakes Mead and Mohave were successfully conducted in 
early January of 2010 and 2011, under favorable weather conditions. 
 The official count for 2010 was 163 bald eagles (62 adults, 99 immature, and 2 unknown 
age), and for 2011 was 179 bald eagles (76 adults, 99 immature, and 4 unknown age).   
 The upward trend in bald eagles observed along lakes Mead and Mohave in recent years 
appears to reflect improvements in count methodology, as well as the number of bald eagles 
using the lakes. 
 Continued adherence to methodology established in 2007 is recommended, as well as 
maintaining a qualified eagle count coordinator who is invested in the outcome. 
 
INTRODUCTION 
 
The objective for the winter counts of bald eagles (Haliaeetus leucocephalus) at Lake Mead 
National Recreation Area (LMNRA) has been to document trends in the number of wintering 
individuals using lakes Mead and Mohave, and to identify important wintering areas. In more 
recent years, the annual count effort at LMNRA has grown to as many as 48 people and 8 boats. 
At this level of effort, the eagle counts also provide opportunities towards team building within 
units of the NPS and across both federal and state agencies.   
 
Since the inception of the counts at LMNRA, dating back to the early 1980s, methodologies, 
level of effort, areas surveyed, and data recording have varied substantially. In 2007, following 
the National Park Service (NPS) partnership with the Public Lands Institute, University of 
Nevada, Las Vegas (UNLV), a standard operating procedures document (SOP) for the winter 
bald eagle count was created (see Fletcher 2007, updated 2009), and major changes were 
initiated to make the counts more rigorous and repeatable. Herein, we provide a final report for 
work performed towards bald eagle counts during 2010 and 2011 at LMNRA.  
 
METHODS 
 
The eagle counts were conducted on eight standardized survey routes during the first two weeks 
of January, occurring within one or two target dates established by the U.S. Geological Survey 
(USGS) Snake River Field Station. For details on count methodology see Fletcher and Jaeger 
(2010), but in general all surveys were conducted by boat, and survey routes were planned to 
incorporate all shorelines of lakes Mead and Mohave, with the objective of minimizing double-
counts by completing all routes during a single day. As established in the SOP, a skilled lead 
observer was designated on each route and a maximum boat speed of 15 mph was followed. 
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When an eagle was observed locations were officially recorded on hardcopy maps. The species 
and age class of each eagle, along with activity (flying or perch) were then recorded on standard 
datasheets. All data were then entered into a database managed by the NPS at LMNRA.     
 
RESULTS 
 
In 2010 the eagle count took place on January 11, under favorable weather conditions (i.e. light 
winds and clear skies). All survey routes were completed on that day. The survey effort totaled 
approximately 52 hours of search time, with 45 people on 8 boats. The total eagle count was 163 
bald eagles (62 adults, 99 immature, and 2 of unknown age). In addition, 1 adult golden eagle, 
and 5 unknown eagles were also recorded (Table 1; Figure 1).     
  
In 2011, the eagle count was conducted on January 6, also under favorable weather conditions. 
Participants on the surveys included 44 individuals on 8 boats, with a total survey effort of 
approximately 62 hours. The total count was 179 bald eagles (76 adults, 99 immature, and 4 
unknown), 4 adult golden eagles and 1 immature golden eagle (Table 2; Figure 2). The 2011 
count returned the most bald eagles recorded to date.   
 
DISCUSSION  
 
In general, the increasing numbers of bald eagles at LMNRA appears to follow the trend 
observed across North America with bald eagle numbers increasing since the banning of DDT. 
Unfortunately, the inherent differences in methodology over the past three decades make 
drawing strong conclusions from the long-term data at LMNRA impossible. Over the last eleven 
years (Table 3), however, methodologies have been relatively similar and some level of 
comparisons can be made. In general, the data suggest an upward trend in the number of bald 
eagles counted. This, however, may partly be an artifact of the methodological change initiated 
in 2007. On average from 2000 until 2006, prior to initiation of the SOP, the number of bald 
eagles observed per count was 65 ± 10 (1 SD). This jumped to 87 bald eagles in 2007 with an 
average during 2007-2011 of 130 ± 38 (1 SD). 
   
There is some evidence, however, to suggest that the upward trend in bald eagles is at least partly 
caused by increasing numbers of these birds using lakes Mead and Mohave. In the past, adult 
bald eagle numbers tended to be higher than immature; however, within the last few years there 
has been an increase in the number of immature eagles recorded (Table 3). The high percentage 
of immature eagles using these lakes may be an indicator of good regional recruitment and 
population expansion; although, we really do not know the structure of the population, or 
populations, using these lakes or whether the high numbers of juveniles simply reflects a bias in 
the use of this wintering area by younger eagles. Regardless of historical differences in count 
methodologies, or in our lack of knowledge about the bald eagles using lakes Mead and Mohave, 
it is clear that these lakes are important wintering areas for regional bald eagles.  
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Table 1. Number of eagles recorded during surveys of Lakes Mead and Mohave on January 11, 2010. 
 
 
 
          
Route  Total 
Bald 
Adult  
Bald 
Immature 
Bald 
Unknown 
Bald 
Adult 
Golden 
Immature 
Golden 
Unknown 
Golden 
Unidentified 
Eagle 
Boulder Basin 15 5 10 0 0 0 0 0 
Boulder Canyon 35 12 23 0 0 0 0 1 
Overton 40 20 18 2 0 0 0 2 
Temple Bar West  36 9 27 0 0 0 0 0 
Temple Bar East 19 5 14 0 0 0 0 0 
Willow Beach  7 5 2 0 1 0 0 1 
Cottonwood  8 4 4 0 0 0 0 1 
Katherine  3 2 1 0 0 0 0 0 
Total 163 62 99 2 1 0 0 5 
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Table 2.  Number of eagles recorded during surveys of Lakes Mead and Mohave on January 6, 2011. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Route  Total 
Bald 
Adult  
Bald 
Immature 
Bald 
Unknown 
Bald 
Adult 
Golden 
Immature 
Golden 
Unknown 
Golden 
Unidentified 
Eagle 
Boulder Basin 13 4 9 0 0 0 0 0 
Boulder Canyon 29 19 9 1 2 0 0 0 
Overton 41 11 29 1 0 0 0 0 
Temple Bar West  30 14 16 0 0 0 0 0 
Temple Bar East 26 12 14 0 0 0 0 0 
Willow Beach  24 8 15 1 2 1 0 0 
Cottonwood  12 6 5 1 0 0 0 0 
Katherine  4 2 2 0 0 0 0 0 
Total 179 76 99 4 4 1 0 0 
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Table 3. Number of eagles recorded from 2000 through 2011 during the winter count of Lakes Mead and Mohave.  Note that 
methodologies have changed through time with routes standardized in 2000, and standard operating procedures implemented in 
2007. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Year Total 
Bald 
Adult 
Bald 
Immature 
Bald 
Unknown 
Bald 
Adult 
Golden 
Immature 
Golden 
Unknown 
Golden 
Unidentified 
Eagle 
2000 47 32 15 0 7 1 0 4 
2001 60 29 31 0 1 1 0 7 
2002 79 41 38 0 2 1 0 3 
2003 68 37 31 0 2 7 0 8 
2004 60 36 24 0 2 0 0 3 
2005 67 42 25 0 3 2 0 15 
2006 67 31 36 0 1 1 0 3 
2007 87 30 57 0 0 1 0 4 
2008 116 49 66 1 2 1 0 6 
2009 108 49 59 0 3 0 0 6 
2010 163 62 99 2 1 0 0 5 
2011 179 76 99 4 4 1 0 0 
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Figure 1.  Map of eagle locations documented during the January 11, 2010 winter bald eagle 
count conducted within Lake Mead National Recreation Area.   
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Figure 2.  Map of eagle locations documented during the January 6, 2011 winter bald eagle 
count conducted within Lake Mead National Recreation Area. 
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BACKGROUND 
 
The information contained herein represents a summary of the peregrine falcon habitat suitability 
modeling efforts at Lake Mead National Recreation Area (LMNRA) with funding through the Clark 
County Multiple Species Habitat Conservation Plan (Contract reference: 2005-NPS-609C-P).  This effort 
was conducted under task agreement by personnel at the University of Nevada, Las Vegas in 
collaboration with Resource Managers at LMNRA.   
The habitat suitability model (also known as a species distribution model) was based on peregrine 
eyrie locations determined as part of monitoring efforts conducted at LMNRA, with recent efforts 
conducted under an associated MSHCP project (Contract reference: 2005-NPS-475-P; see Barnes and 
Jaeger 2010).  Environmental variables were selected based on perceived importance to peregrine nest 
site selection within the region and that could be readily derived as spatial data layers.  Slope was selected 
because of the obvious positive association between peregrine nesting sites and steep facing cliffs within 
the region.  Peregrines may also be selecting nesting areas of high shading from harsh summer solar 
radiation within the low elevation canyons along the Colorado River, and a measure of solar radiation was 
incorporated into the modeling.  Additionally, there appeared to be a positive association between 
territory location and lake or river shoreline which likely relates to the availability of aquatic and 
shoreline birds as prey and favorable open hunting areas (see Barnes and Jaeger 2010).   
The intent of the modeling effort was to identify areas within LMNRA with high probability for 
peregrine falcon nesting.  The model was specifically developed and used to direct recent efforts to search 
for undocumented peregrine territories within the region.  As such, the model was not intended as 
research to better understand the biology of the organism, but instead was applied specifically to target 
surveys given limited field resources.  The model and associated maps will likely be useful in guiding 
future survey efforts, and may prove useful for informing future management decisions at LMNRA that 
have impact on peregrine habitat.  This summary report accompanies electronic files that include the 
model and detailed habitat maps.  Eight regional maps (PDF documents) provide detailed renderings of 
highly suitable peregrine nesting habitat in the LMNRA area and are referenced by a visually enhanced 
index map of the area.  
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METHODS 
 
To develop the habitat model, 37 discrete eyrie locations were selected from within 31 territories.  
These eyries represented a subset of the 53 known eyries identified from 2005-2009 (Barnes and Jaeger 
2010).  In territories where more than one eyrie have been used in succeeding years, the eyrie most 
frequently used or most recently used (in the case when no eyries were used more than once) was selected 
for inclusion in the working subset.  In several instances, more than one eyrie was included from a 
territory if these were located on distinctly separate cliff faces.   
Environmental variables were based on a 10 meter digital elevation model (DEM) from the U.S. 
Geological Survey, which was then joined with the Bureau of Reclamation Lake Mead bathymetry layer 
to account for the possibility of newly emerging habitat caused by drawdown events periodically 
experienced on Lake Mead.  The selected variables were slope, solar radiation, and distance to major 
water source (see Appendix).  Values for these variables were derived using ArcGIS (v. 9.3, ESRI, 
Redlands, CA) based on 10 meter raster files.  The Spatial Analysis Extension was used to calculate slope 
and distance to lake or river shoreline; the latter was calculated as a straight line distance from eyrie to 
polygons representing major water sources.  Solar radiation was based on the sum of values (watt 
hours/m
2
) from 8:00am to 4:00pm on June 7
th
 (a date when most young are still on the nest).  Assessing 
solar radiation required a large amount of processing, so the 10 meter DEM of the study area was broken 
into 16 areas with 6000 meter overlaying buffers prior to assessment.  The Area Solar Radiation tool was 
run on each of the 16 areas and then the results were mosaiced using the Mosaic to New Raster tool with 
mosaic method of mean.  All rasters were eventually clipped to the boundary of LMNRA with a five mile 
buffer. 
Models were generated using a maximum entropy approach in Maxent (v. 3.2.19, Phillips et al. 
2006).  The default output of logistic was used, which generated a probability distribution of suitable 
peregrine nesting habitat over the study area.  For a first-run test model, 9 eyries (24%) were randomly set 
aside as testing locations with the remaining 28 eyries used as presence locations to build the model.  The 
final model, however, was run on all 37 locations in order to maximize the power of the model given the 
limited amount of presence data.  From the model output, a habitat suitability map was generated in 
ArcMap.  For visual presentation on the maps, one standard deviation below the mean probability value 
of all eyrie sites (> 67% probability of nest occurrence) was used as the cutoff to depict highly suitable 
habitat for peregrine nesting.  The selection of cutoff values for depicting model outputs is subjective, but 
as stated above the intent here was to high-grade areas within LMNRA for field assessment with a high 
likelihood of containing peregrine territories.  
 
RESULTS 
 
In general, evaluation statistics for the model were good, and similar to those derived from the 
first-run test model (data not shown).  The final model demonstrated a high AUC value (= 0.997) 
indicating that the model performed well compared to random.  The overall model gain (=4.460) was also 
high indicating that the variables used could distinguish presence localities from background points.  
Heuristic estimates of variable contribution to the Maxent model indicated that slope contributed heavily 
(84.8%) and that distance to major water contributed substantially (15.2%).  Solar radiation, however, 
appears to have contributed nothing to the model.  Such values should be interpreted with caution, 
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however, when variables are strongly correlated as was the case for slope and solar radiation.  In general, 
within high slope areas (areas greater than 42 degree slope), slope and solar radiation were only 
moderately correlated across a sample of 1000 random points (Pearson correlation, r = -0.49), and it was 
thought that solar radiation may prove useful for evaluating nesting habitat at the landscape level.  The 
correlation between slope and solar radiation, however, was higher for the eyrie locations (n = 53, 
Pearson correlation, r = -0.74).  A jackknife test of input variables provided by the Maxent software 
indicates that the variable with the highest gain when used in isolation was slope, which therefore appears 
to provide the most useful information.  The variable that decreases the gain the most when omitted from 
the model was distance to lake or river, which therefore appears to have the most information not present 
in the other variables.      
Highly suitable habitat for peregrine nesting was predicted across 24.9 km
2
 (0.62%) of the total 
land area within LMNRA (approximate 4,025.5 km
2
 at a Lake Mead water level of 335.3 m asl).  Of the 
37 eyries used to build the model, 31 (83.8%) occurred within habitat patches identified as highly 
suitable, and of the 53 known eyrie sites, 47 (88.7%) were located in these high suitability areas (many of 
these sites are in close proximity to each other).  Four of the six eyries used in modeling that were not in 
predicted highly suitable habitat occurred on sharp cliffs but in areas of relatively low slope.  The other 
two eyries were located on steep slopes, but at sites distant from lake or river shorelines (1.9 and 9.3 km).      
 
MODEL APPLICATION 
 
Suitability maps based on a similar, preliminary model were used to target surveys for 
undocumented peregrine territories in areas of the most promising habitat patches (see Barnes and Jaeger 
2010).  Since peregrines are known to be highly territorial, the survey points were placed more than 2 km 
from the nearest known territory center.  A newly developed call-broadcast method was used to conduct 
rapid assessments for peregrines at 111 locations from February 25 through April 13, 2009 (courtship 
through incubation) with some follow-up visits in late May.  Of these survey points, 101 (91%) were 
located within 700 m (a reasonable range for the call-broadcast approach) of highly suitable habitat 
predicted from the final model.  Peregrines were detected at 12 of the 111 survey points, resulting in the 
discovery of 6 previously unknown territories and verification of 4 additional territories that were 
suspected but previously unconfirmed; 2 of the positive detections were duplicate observations of birds 
from territories previously discovered. 
This successful use of the habitat suitability model to high-grade areas for surveys combined with 
the newly developed call-broadcast method to rapidly assess peregrine presence provides an effective and 
efficient regional approach to survey large areas for peregrine territories.  These results show that even 
relatively simplistic models based on few variables may be useful for management purposes, as long as 
the variables selected are biologically relevant to the targeted species.    
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APPENDIX  
 
Conceptual Framework for Peregrine Nesting Habitat Model 
1. Slope - Cliffs  
 Anticipated Pattern:  High slope areas are positively associated with nesting habitat. 
 Biological Relevance:  Peregrines select cliff faces in areas of high slope for nesting to 
avoid regional predators. 
 Data Type:  GIS Raster Layer 
 Data Source:  US Geological Survey 10 meter DEM (Digital Elevation Model) mosaiced 
with the Bureau Reclamation Lake Mead bathymetry layer 
 Data Status: Ten meter slope raster layer created from 10 meter DEM using ESRI Spatial 
Analysis.  The slope raster was clipped to the boundary of LMNRA with a 5 mile buffer 
for analysis. 
 
2. Solar Radiation – June 7th ( just prior to most fledgling)  
 Anticipated Pattern:  Low solar radiation is positively associated with nesting habitat. 
 Biological Relevance:  Peregrines select cliffs with shading (low solar radiation) because 
of negative impacts of harsh desert heat on young in nest late in season. 
 Data Type:  GIS Raster Layer 
 Data Source:  US Geological Survey 10 meter DEM (Digital Elevation Model) mosaiced 
with the Bureau Reclamation Lake Mead bathymetry layer 
 Data Status:  Ten meter Solar radiation raster layer created using ESRI Spatial Analysis, 
Area Solar radiation tool from the 10 meter Digital Elevation model.  Because of the 
large amount of processing required, the 10 meter DEM of the study area was broken into 
16 areas with 6000 meter overlaying buffers.  The Area Solar radiation tool was run on 
each of the 16 areas and then the areas were mosaiced using the Mosaic to New Raster 
tool with mosaic method of mean.  The mosaic solar radiation raster was clipped to the 
LMNRA with a 5 mile buffer for analysis.   
 The Area Solar Radiation settings:   
i. Time configuration: Within a day 
ii. Sky Size / Resolution: 512  
iii. Day: June 07, 2009 
iv. Start Time: 8:00am, End Time: 4:00pm, Hour Interval: 8 hours 
v.  Diffuse proportion: 0.2 
vi.  Transmittivity: 0.3 
vii. All other setting left on default 
viii. The output has unit watt hours per square meter (WH/m2) 
 
3. Distance to Lake or River 
 Pattern:  Nest locations appear to be positively associated with lake or river shorelines. 
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 Biological Relevance:  Lakes provide a large prey base for the peregrines as well as open 
hunting habitat. 
 Data Type:  GIS Raster Layer 
 Data Source:  Lake Mead National Recreation Area Lakes (data layer)  
 Status of Data:  Ten meter distance to water raster was created using ESRI Spatial 
Analysis distance - straight line distance from eyries to nearest polygons representing 
Lake Mead, Lake Mohave, Virgin River, Muddy River, and Las Vegas Wash.  The 
distance raster was clipped to the Lake Mead National Recreation Area with a 5 mile 
buffer for analysis. 
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EXECUTIVE SUMMARY 
 
 Peregrine falcons were monitored at Lake Mead National Recreation Area during the breeding 
seasons of 2008 and 2009. 
 Several survey methods were used to locate breeding territories and eyries, evaluate occupancy, 
track breeding effort, and determine reproductive success. 
 A call-broadcast approach was developed and used to efficiently evaluate territory occupancy and 
to locate new breeding territories. 
 Call-broadcast was used with a habitat suitability model to rapidly assess 111 new sites resulting 
in the discovery of 6 previously unknown territories and verification of 4 additional unconfirmed 
territories. 
 The number of known territories has continued to increase with search effort, and a total of 35 
breeding territories have now been identified.  
 In 2008, 25 breeding attempts were documented at 28 occupied territories and in 2009, 28 
breeding attempts were documented at a 32 occupied territories.  
 The total number of successful young was estimated at 39 in 2008 and 55 in 2009.  
 The minimum number of adults detected was 55 in 2008 and 61 in 2009.  
 The number of breeding pairs is reaching very high concentrations in three areas of the park – 
Black Canyon, Boulder Canyon, and Virgin Canyon. 
 
 
BACKGROUND 
 
Peregrine falcons (Falco peregrinus) are primarily cliff-nesting raptors that prey mainly on 
other avian species.  They are highly territorial, and show a high degree of mate and site fidelity 
between years (White et al. 2002; Ratcliffe 1993).  Often the use of specific nesting cliffs can span 
generations, as individuals and pairs replace each other, with nearly continuous occupancy of a 
nesting area spanning decades or possibly centuries in some cases (Newton 1979; Ratcliffe 1993).  
Although these falcons can employ several hunting techniques depending on the prey type and 
surrounding terrain, they tend to be most successful hunting from above and using speed and surprise 
to their advantage.  For this reason, and to protect their eggs and nestlings from terrestrial predators, 
peregrines tend to breed in areas with high topographical relief preferably adjacent to open areas 
affording their prey a low level of escape options. 
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Peregrines were listed as federally endangered under the Endangered Species Act in 1973 
after suffering a dramatic decline over most of their North American range, primarily caused by 
exposure to the persistent pesticide DDT and other chlorinated hydrocarbons (White et al. 2002).  The 
species has begun to recover following restrictions on DDT use, and was subsequently delisted by the 
U.S. Fish & Wildlife Service (USFWS) in 1999.  As primary predators, however, peregrines remain 
vulnerable to persistent environmental contaminants, and localized populations have not always 
recovered successfully (Mora et al. 2002; Elliott et al. 2005).  As part of a recovery strategy, 
continued monitoring to determine the stability of regional populations has been recommended 
through 2015 (USFWS 2003).   
Peregrines were considered extirpated as a breeding species in Nevada from the 1950s 
through 1985 (Walton et al. 1988; Floyd et al. 2007) at which time a breeding pair was documented 
along the shoreline of Lake Mead within Lake Mead National Recreation Area (LMNRA).  Since that 
time, efforts have been made to monitor peregrines within LMNRA and a sustained increase in the 
number of known nesting territories has been documented (Table 1).  Currently, the steep cliffs 
adjacent to the shorelines of lakes Mead and Mohave within LMNRA contain the core breeding 
population of peregrine falcons in Nevada, and contribute substantially to broader distribution of 
breeding peregrines in Arizona.  Within the LMNRA region, 35 breeding territories have been 
identified with 32 of these sites occupied in 2009 (Fig. 1).   
The National Park Service (NPS) has actively supported monitoring of peregrines within 
LMNRA, with the actual monitoring conducted by various personnel associated with the NPS, 
Nevada Department of Wildlife (NDOW), Arizona Game and Fish Department (AGFD), and more 
recently by the Public Lands Institute, University of Nevada, Las Vegas (UNLV).  Monitoring 
approaches, intensity, and objectives have varied widely over the years, but surveys mostly have 
focused on determining occupancy at known breeding territories with much less effort focused on 
searching for additional breeding areas.  A more intensive effort by Glinski and Garrison (1992) was 
focused on Black Canyon, predominately along the stretch of the Colorado River below Hoover Dam.  
Over a two year study, these researchers attempted to locate all peregrine falcon breeding territories 
in the canyon, identify important foraging habitats along the canyon and adjoining landscape, and 
document the presence/absence of peregrines during the nonbreeding season.  They documented 
occupied eyries roughly every 5 river km within Black Canyon which was consistent with previously 
documented densities of breeding peregrines in other favorable habitats (Brown et al. 1992; Ratcliffe 
1993).  Monitoring efforts since 2006 have been conducted largely by UNLV personnel and focused 
on determining a more accurate estimate of the number of active territories within the park, and on 
monitoring yearly occupancy and reproductive effort at all known breeding territories (see Barnes 
2006).  This level of effort was made possible with funding contributions to the NPS from the Clark 
County Multiple Species Habitat Conservation Plan (MSHCP). 
 
PROJECT GOALS AND OBJECTIVES 
 
The information contained herein represents the final report for work conducted by NPS on 
peregrine falcons during 2008 and 2009 with funding from the MSHCP (Contract reference: 2005-
NPS-475-P).  In addition, results from previous monitoring efforts, specifically the previous MSHCP 
funded project in 2004 and 2005 (Contract reference: 2003-NPS-229-P-2004-07) are referenced in 
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this document.  The survey efforts during these periods have utilized several survey methods to locate 
peregrine breeding territories, evaluate habitat quality, track breeding effort, and determine 
reproductive success.  The array of approaches results from the need to meet project objectives in the 
face of an expanding number of indentified territories, as well as following established protocols and 
historical approaches used in the park.  Significantly, a new survey protocol was developed by UNLV 
personnel (i.e., call-broadcast) during the 2008 and 2009 breeding seasons.  The multi-approach 
monitoring strategy, as described herein, falls within the minimum post-delisting protocols for 
peregrines as outlined by the USFWS (2003).  That plan calls for three monitoring surveys to be 
conducted of a selected subset of territories during the breeding season (April–July) each year to 
determine presence of adult birds and document reproduction, specifically the documentation of 
nestlings or fledglings. 
 
METHODS 
 
 Survey and Monitoring Methods 
 
Following are descriptions of each survey method used and the primary objectives, as employed by 
UNLV and NPS personnel over the last several years, with emphasis on the current project survey 
period. 
 
Active Surveys – The flying of domestic pigeons (Columba livia) near eyries to elicit responses from 
potential resident peregrines has been the primary method employed by NPS personnel at LMNRA 
from 1985-2007.  These „active surveys‟ were conducted by boat with at least two trained observers, 
and were generally conducted at least once per breeding season (usually April through June) at all 
known peregrine territories.  To minimize double counting, active surveys of all territories and other 
potential sites along each lake were completed during the same day, beginning as soon as possible 
after sunrise so as to survey falcons during their most active time of the day.  The number of sites 
monitored annually increased as new territories were discovered.  The primary objectives of the 
active surveys were to establish presence of territorial peregrines and determine their breeding status.  
Eyrie locations and presence of young were noted when observed, but these were not primary 
objectives.  These active surveys generally lasted around 30 minutes at each site, but varied according 
to peregrine presence and behavior at the time of the survey.  The use of pigeons began to be phased 
out in 2006 in favor of more standardized survey methodology and alternatives (see Barnes 2006). 
   
Passive Surveys – Within the last several years, a standard survey protocol was implemented that 
followed USFWS (2003) guidelines.  This method consists of spot surveys conducted throughout the 
breeding season to determine occupancy, breeding attempts, and reproductive success (Glinski et al. 
1993; Barnes 2006).  Passive surveys were first implemented at LMNRA in 2006 at selected sites, as 
called for by the USFWS (2003) post de-listing monitoring plan.  In coordination with state resource 
managers, three territories in Nevada and eight territories in Arizona were initially selected as part of 
each state‟s random sub-sample of known breeding territories.  These sites were scheduled to be 
monitored once every three years through 2015.  In 2007, and subsequently in 2008 and 2009, the 
number of passively surveyed sites within LMNRA was expanded to include all known territories 
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within the park.  In addition, this method was used at promising sites in 2007 and 2008 in an attempt 
to discover previously undocumented peregrine territories.   
Following the national protocol, the passive surveys consisted of up to a four hour monitoring 
session at each selected territory during peak diurnal activity periods; observations employed 10 X 50 
binoculars and 20-60 power spotting scopes.  Depending on the breeding stage, the observer did not 
remain at the site the entire four hour period if the desired information was obtained quickly.  These 
passive surveys were conducted as needed to determine occupancy, breeding attempts, and breeding 
results throughout the courtship and breeding season (March–July in 2006; February–July after 2006).  
After initial observations, it was determined that surveys could be conducted throughout all daylight 
hours early in the season and then gradually shifted to focus on early morning and late afternoon 
periods by mid-May as temperatures rose and peregrine activity levels declined.  When conducted in 
the evening, surveys could be continued the next morning after first light if needed. 
During each of the passive surveys, the observer recorded the coordinates of the observation 
point, the temperature, approximate wind speed, percent cloud cover, and time of the effective survey 
period.  When applicable, the observer recorded the nesting cliff coordinates, estimated distance to 
the nest cliff from the observation point, the bearing to the nesting location, and the aspect of the 
eyrie.  An attempt was made to record the number of individuals, age, and sex of all peregrines 
encountered during the survey period (see Appendix 1 for example of field data form).  Aging the 
young was done by visually comparing nestlings to a standard photographic guide (Cade et al. 1996).  
Detailed behavior and general observation notes were taken, as well as documenting the primary 
signs of occupancy and nest success and any observations of interspecific competitors (e.g., diurnal 
raptors, owls, ravens, prairie falcons, etc.).   
 
Nonbreeding Season Site Occupancy – From August, 2008 through January, 2009, five territories 
were selected as a subset of the known breeding territories within LMNRA for monthly passive 
surveys in an effort to gain insight into whether peregrines observed during fall and winter months are 
likely local residents or migrants from elsewhere.  The monthly surveys were initiated shortly after 
sunrise and followed the same passive methodology as described above, but used a shortened, two 
hour survey period centered on eyrie locations from the 2008 breeding season.  Special attention was 
devoted to determining whether territorial behavior, or behavior that would indicate the presence of a 
pair-bond between resident adults (i.e., territorial display or defense, cooperative hunting, prey 
sharing, or affinity for the nesting area) was exhibited which might indicate whether the observed 
birds were local breeders remaining on site or rather were nonresidents which may have migrated or 
dispersed from other breeding areas.  It was necessary to rely on behavioral cues to determine 
residency because no peregrines have been marked in this region since Glinski and Garrison‟s (1992) 
limited effort in the early 1990s, and it is extremely difficult to visually determine the identity of 
unmarked peregrines in the field. 
 
Call-broadcast Surveys – In conjunction with this project, UNLV researchers developed a call-
broadcast survey technique in 2008 in order to reduce the time necessary to establish presence of 
territorial peregrines from that required using the passive method, as well as eliminating the need to 
conduct active surveys using live pigeons.  Call-broadcast surveys have been previously shown to be 
an effective survey method for nocturnal species, cryptic species and species occurring in low 
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densities (e.g., Johnson et al. 1981) and, in particular, for owls (Barnes and Belthoff 2008) and 
woodland raptors (Mosher et al. 1990; Roberson et al. 2005).  Research conducted within LMNRA 
during the 2008 and 2009 breeding seasons established the effective range and response rates of 
peregrines to broadcasted conspecific calls throughout the breeding season.  A detailed assessment 
and description of the call-broadcast approach is being written, but this is outside the scope of 
deliverables for this project and only a summary of the methods and results associated with 
monitoring are provided herein.   
The call-broadcast surveys were primarily conducted during early morning (½ hour before 
sunrise to 4 hours after sunrise) and late afternoon (4 hours before sunset to ½ hour after sunset) when   
peregrines are known to be most active.  The protocol consisted of a 10 min. survey session at each 
point.  Each point survey began with a 3 min. passive listening and observation period.  If no 
peregrines were detected, a 30 second broadcast period was played, followed by a 1 minute 
observation period, a second 30 second broadcast period, and a final 5 minute observation period.  
Broadcasted conspecific calls consisted of 5 seconds of the “cack” alarm call immediately followed 
by 10 seconds of the “creak” or “eechip” call from an adult female (White et al. 2002).  Vocalizations 
from a commercially available recording (Stokes Field Guide to Bird Songs: Western Region; Time 
Warner Trade Publishing, New York, NY) were converted to mp3 format and downloaded directly to 
digital game caller (FoxPro XR6; FoxPro Inc., Lewiston, PA).  The cycle was looped once for 30 
seconds of continuous calling, with the observer rotating 360° during each 30 second broadcast 
period in order to evenly project the sound around the area.  Call-broadcast surveys were not 
conducted during precipitation or when sustained wind speeds approached 16 km/hr or greater.  
Broadcasting was stopped immediately upon detection of a response (vocalization or flight) so as to 
minimize disturbance.  The data recorded included: distance of the observer to the eyrie and any 
detected falcons, time to response, duration of response, type of response, intensity of response, as 
well as the sex, maturity and breeding stage of responding individuals (Appendix 2).  
    
Rapid Assessment – As part of the effort to better identify potentially undocumented territories, 
researchers from UNLV developed a habitat suitability model (also known as a species distribution 
model) for peregrines within the LMNRA region.  The modeling effort was conducted under an 
associated MSHCP project (Contract reference: 2005-NPS-609C-P) which will be described in a 
separate document.  The preliminary model was generated using a maximum entropy approach in the 
program Maxent (Phillips et al. 2006) from all known eyrie locations through 2008 and was 
predominately based on slope and solar radiation (watt hours/m
2
) values.  This model was visualized 
in a Geographic Information System to generate useful field maps.   
 The preliminary model was used to target call-broadcast surveys in areas of the most 
promising habitat patches.  Specific survey points were selected based on areas predicted as having 
high peregrine breeding habitat potential from the model or where previous incidental sightings of 
peregrines were observed (e.g., Fig. 2).  The call-broadcast method was used to conduct a rapid 
assessment for peregrines at these points. Since peregrines are known to be highly territorial, the 
survey points were placed outside previously known territories (i.e., generally > 2 km from the 
nearest known eyrie or territory center; Fig. 3).  Additional call-broadcast or passive surveys (as 
needed) were repeated at all sites where peregrines were detected in order to determine territorial 
occupancy, breeding status, and to locate the eyrie if possible. 
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Occupancy and Reproductive Assessment 
 
Site Occupancy – An occupied site was defined as an area containing at least one adult or subadult 
territorial peregrine during a portion of the breeding season, regardless of whether evidence of a 
breeding attempt was observed.  A peregrine territory was defined as an area that contains, or 
historically contained, one or more eyries within the home range of a mated pair (Steenhoff and 
Newton 2007).  A territory will usually contain different eyries over succeeding years (sometimes on 
separate eyrie cliffs), and is an area where no more than one pair is known to have bred in the same 
year.  An eyrie, as defined herein, consists of a peregrine nesting surface contained within, or on, a 
crack, hole, or ledge on the face of a cliff.  Peregrines typically lay eggs directly on the substrate, not 
building a stick nest, but sometimes use old nests from other large bird species (e.g., red-tailed hawk, 
common raven, golden eagle).  A nearest neighbor distance (NND) was derived for each territory as 
the distance in meters from one occupied eyrie or territory center, to the eyrie or territory center of the 
nearest neighboring territorial peregrines.  In some cases the eyrie could not be located or a territorial 
adult, or pair, may persist at a site for a portion of the breeding period without laying eggs or selecting 
a nest.  In those cases the observed territory center, which is the center of most activity observed 
during the course of the breeding season, was used to calculate distances. 
   
Reproduction – A breeding attempt was designated for a territorial pair when copulation, prolonged 
courtship, or evidence of reproduction was observed (i.e., incubation posture, nestlings or fledglings 
present, adults delivering prey to the nest).  Except where noted, only those breeding attempts 
detected by the observer in the early stages of the reproductive cycle (i.e., courtship or incubation) 
have been included when calculating breeding success rates and when determining numbers of 
young/breeding attempt.  Laying and hatching dates were calculated indirectly after nestlings were 
observed and aged visually using a photographic guide (Cade et al. 1996) and then backdated using 
the average number of days required for each stage of the breeding cycle (i.e., Laying = 7 days, 
Incubation = 31 days, Nestling = 42 days).  Breeding success followed the USFWS (2003) definition 
in which a nest was considered to be successful if at least one nestling reached the age of 28 days old, 
otherwise stated as > 65% of their age at first flight (Steenhoff and Newton 2007).  The apparent 
breeding success rate was calculated as the proportion of successful nesting pairs to the total number 
of known pairs in the population (Newton 1979; Steenhoff and Newton 2007).  A breeding attempt 
was said to have been unsuccessful when a pair of adults previously observed engaged in prolonged 
courting or copulating did not produce eggs or produced infertile eggs, when nestlings were 
documented dead prior to attaining 28 days of age, or when the eyrie was verified empty by visual 
inspection prior to nestlings surviving to 28 days and no surviving young were discovered nearby.  
All known breeding attempts were monitored throughout the duration of each breeding season or until 
failure was confirmed.   
 
Data Management and Restrictions 
 
All data collected during surveys have been entered into a geodatabase.  The accuracy and 
validation of all historical data prior to the current project has been verified by comparing all 
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available hard copy field records and yearly site summaries with the digitized geodatabase records.  
Data collected throughout the course of this project was subjected to a quality accuracy assessment 
procedure wherein nearly 15% of all survey records were randomly checked for the accuracy of the 
electronic database with that of the field datasheets (108 of 732 records).  The results of the quality 
assessment yielded an estimated 100% attribute accuracy rate for the 2008 and 2009 records.  Annual 
results have been shared with NDOW and AGFD; which were responsible for forwarding the data to 
the appropriate USFWS regional office for the post de-listing monitoring assessment. 
All location data and site descriptions contained in this report are considered both sensitive 
and confidential by the National Park Service and are to be withheld from public release pursuant to 
authority granted within section 207 of the National Parks Omnibus Management Act of 1998 (16 
U.S.C. § 5937).  Actual location data from this report cannot be presented on any mapping products, 
either electronic or printed, which are released to the public.  This data cannot be transferred to any 
party outside of the federal government without the express written consent of the NPS.   
 
RESULTS 
 
Increased Survey Efforts 
 
 The steepest increase in number of known occupied territories at LMNRA has been recorded 
from 2006-2009, with 19 new territories recorded during this period (Tables 1 & 4).  This 
corresponds with a greatly increased number of surveys per breeding season and, most importantly, a 
concerted effort to identify new territories with exploratory surveys.  Of significance, the passive 
survey method was initiated in 2006, which placed researchers in the field for much longer amounts 
of time than in previous years and increased their chances of identifying active peregrine territories.  
The exploratory effort through 2008 mainly focused on shoreline areas accessible by boat that were 
identified by the researchers as potentially suitable for breeding peregrines, and utilized the active, 
passive, and call-broadcast survey methods.  In 2009 call-broadcasting was used in conjunction with 
the preliminary habitat suitability model to high-grade potentially suitable areas in order to rapidly 
assess them for occupancy.  This innovative approach allowed researchers to visit over five times the 
number of sites surveyed in previous years (111 in 2009 versus 21 in 2008).  Importantly, the rapid 
assessment technique in 2009 was used to target many difficult to access areas away from water that 
previously had minimum attention (Figs 2 & 3).       
 
Territories and Breeding Success 
 
Over the course of this study 53 individual eyries were identified at 30 different territories.  In 
at least one territory the same eyrie was used in 4 consecutive years with successful breeding each 
year.  At other territories peregrines often moved the eyrie location each year with variable success 
before and after the eyrie movement.  Of the breeding attempts that were tracked in consecutive years 
20 of 36 (55.6%) changed their eyrie location from one year to the next, with an average distance 
moved of about 149 m.  The median distance between eyries in neighboring territories (NND) was 
4,065 m in 2008 (mean 6,277, range 1,509-32,714 m) and 4,577 m in 2009 (mean 6,298, range 1,211-
20,829 m) (Table 2). 
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The number of known peregrine territories within LMNRA increased from a single territory 
in 1985 to the current total of 35 in 2009 (Table 1).  The most significant increase in known occupied 
territories was documented from 2006 through 2009, when the number more than doubled from 14 in 
2005 (prior to initiation of current efforts) to 32 by the end of the current project in 2009.  Much of 
this latter increase, however, may have resulted from increased efforts to identify previously 
undocumented territories.  A total of 20 territories were surveyed all 4 years from 2006-2009.  The 
average annual occupancy rate for these 20 sites was 85% with 17 of the territories occupied all 4 
years and the other 3 sites occupied in 3 of the 4 years. 
 The survey effort in 2008 identified 25 active breeding attempts at 28 occupied territories 
(Tables 1 & 3).  One site in 2008 was not discovered until late in the breeding season, while at the 
other three sites where breeding activity was not identified, nesting areas were not located and adult 
activity diminished or ceased over time.  In 2009, 28 breeding attempts were documented at a 32 
occupied territories (Tables 1 & 3).  At the nonbreeding sites, adult activity ceased prior to the 
verification of a breeding attempt at one territory while three territories were held by single, unpaired 
birds for lengthy portions of the breeding season.  Interestingly, two of these latter territories were 
held by subadult (2
nd
 year) birds which generally are not known to breed in stable populations 
(Ratcliffe 1993; White et al. 2002).  In 2007, however, an adult male paired with a subadult (2
nd
 year) 
female, but that breeding attempt was unsuccessful.  In 2006, 15 breeding attempts were documented 
at 20 occupied territories (including 7 attempts located late in the season), while in 2007 only 12 of 25 
occupied territories had documented breeding attempts (Table 2). 
From 2006-2009, the average date of initial laying was March 15
th
, with an average of 40 
days passing between the first and last laying pairs of each season.  The overall breeding success rate 
for 2006-2009 was 70.8%, with yearly rates fluctuating from 66.7% to 75%, respectively (Table 3).  
The cumulative mean number of successful young/occupied territory was 1.15, and the mean number 
of successful young/breeding attempt was 1.68.  From 2006-2009 the average number of 
young/successful breeding attempt was 2.37.  The above calculations only use those territories 
discovered early in the breeding season (courtship and incubation) in order to minimize the influence 
of early breeding failures that would likely go undetected in territories found late in the season.  In 
particular, overall estimates of breeding attempts and breeding success from 2006 are likely biased 
(towards higher values) because nearly 50% (7 of 15) of the breeding attempts for that year were not 
discovered until late in the breeding season.  Overall yearly totals in the number of successful young 
documented within LMNRA increased from 21 and 22 in 2006-2007 to 39 and 55 in 2008-2009, 
respectively, which was largely a reflection of the increase in known breeding territories during this 
period.   
               
Call-broadcast and Rapid Site Assessment 
 
The call-broadcast technique was used extensively to successfully evaluate territory 
occupancy early in the season in 2008 and 2009, and as a component in attempts to rapidly assess 
areas for undocumented territories in 2009.  Rapid assessments for peregrines were conducted using 
call-broadcast at 111 individual locations, primarily from February 25 through April 13 (courtship 
through incubation) with some follow-up visits in late May (132 total call-broadcast events).  These 
sites were identified as having a high likelihood of containing suitable breeding habitat based on the 
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preliminary habitat suitability model that highlighted about 2% of the area of LMNRA.  Peregrines 
were detected at 12 of the 111 rapid assessment survey points, resulting in the discovery of 6 
previously unknown territories and verification of 4 additional territories that were suspected but 
previously unconfirmed; 2 of the positive detections were duplicate observations of birds from 
territories previously discovered at earlier rapid assessment points.  In the case of one of the newly 
verified territories, the eyrie turned out to be nearly 2.8 km from the primary activity center that had 
been identified during 3 previous years of surveys and incidental sightings but never pinpointed 
because of the rugged terrain and large amount of suitable habitat in the area.   
 
Nonbreeding Season Site Occupancy 
 
Assessments of peregrine activity during the nonbreeding season at five territories provide 
tantalizing evidence that peregrines within this region do not migrate and maintain a level of site 
fidelity.  Four of 5 sites showed relatively consistent occupancy throughout the nonbreeding season, 
and peregrines pairs were often present at 3 of the 4 regularly occupied sites (Table 5).  These birds 
appear to have been residents and not migrants as they showed a strong affinity for perching on the 
eyrie cliff (usually within 100 m of the eyrie).  Cooperative hunting, food sharing, and demonstrations 
of territory advertisement or defense were often detected (Table 5).  No detections were made at one 
of the sites (Grebe Bay) after the October survey until midway through February, at which time 
courtship activities commenced.  These data were supplemented by 15 incidental observations of 
adult peregrines on territories during the same time period, and additionally by 12 incidental sightings 
on territories during nonbreeding periods in previous years. 
    
DISCUSSION 
 
Breeding Numbers and Density 
 
In 2004, a more focused effort was initiated to search for additional (undocumented) 
peregrine territories (Table 4), with the result that there has been a steady increase in the number of 
known breeding territories each year from 2004 through 2009.  Large increases in the number of 
known territories occurred from 2006-2008 as the passive survey method was used in conjunction 
with the regular active shoreline surveys.  A very large increase occurred again in 2009 as the newly 
developed call-broadcast method was combined with a habitat suitability map to rapidly assess many 
areas of predicted high quality habitat in a short period of time (Figs. 2 & 3).   
Whether the known territories documented in 2009 reflects the actual number of territories 
present at LMNRA is not clear as the number has continued to increase with increased search effort 
(Table 1), thus potentially documenting territories that may have previously been occupied but 
overlooked.  Nevertheless, it is clear that the number of breeding peregrines at LMNRA has increased 
substantially after the detection of the first breeding pair in 1985 and now represents an important 
region breeding area (Appendix 3).  With the exception of the intense search effort along the length of 
Black Canyon the early 1990s (Glinski and Garrison 1992), the survey efforts of NPS, NDOW, and 
AGFD were historically focused on monitoring  areas with known peregrine presence and territories, 
and new territories were added as they were opportunistically detected.  Given this scenario, it seems 
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likely that the detection of territories (Table 1) would have lag behind that of the true rate of 
expansion of the breeding population.  Furthermore, the detection of territories was likely biased 
towards those areas already known to have breeding territories, especially in areas with high density 
(i.e., Black Canyon, Boulder Canyon, Virgin Canyon) where survey crews spent most of their time 
travelling to and from monitored sites.   
While the rate and timing of the expansion of the breeding population at LMNRA is difficult 
to determine with accuracy, there are indications that particular locations have increased markedly in 
recent years.  Black Canyon was thoroughly surveyed by an experienced crew during the 1990 and 
1991 breeding seasons and after surveying 49 sites only 4 active territories were documented along 
the 35 km of river channel – an average of 1 pair/8.75 river km with a mean NND of 8,010 m.  The 
current survey effort has likely been of similar intensity and during the 2009 breeding season 7 
occupied territories were documented along the same river stretch, resulting in an average of 1 
pair/5.0 river km with a mean NND of 4,323 m.  Additionally, breeding territories along the canyon 
appear to have expanded southward with two territories identified in a 6 km stretch of canyon south 
of the original study area; one discovered in 1995 and one in 2007.  Thus, as of 2009, a total of 9 
territories have been active along the 40.3 km stretch of canyon with about 1 pair/4.5 river km (mean 
NND 3,990 m), roughly twice the breeding density detected in 1991 (Fig. 4). 
With the increasing density of breeding peregrines in the LMNRA region, it is interesting to 
compare the breeding performance of the highest density sites (NND ≤ 5,000 m) with those of the 
lowest density (NND > 5,000 m).  During 2008 and 2009, at 34 high density sites, 31 breeding 
attempts produced 61 successful young (77.4% breeding success, 1.79 young/occupied territory, and 
2.54 young/successful territory).  In contrast at 26 low density sites, 22 breeding attempts produced 
33 successful young (59.1% breeding success, 1.27 young/occupied territory, and 2.54 
young/successful attempt).   Three areas of the park have high concentrations of breeding territories – 
Black Canyon, Boulder Canyon, Virgin Canyon area.  All three areas exhibit high topographical relief 
with close proximity to water and are geographically separated from each other by open basins 
surrounded by low sloping bajadas; modeling also indentified these areas as having large amounts of 
predicted suitable breeding habitat (data not shown).  As indicated above, in 2009 Black Canyon had 
9 occupied territories (mean NND 3,990 m; Fig. 4), Boulder Canyon had 4 territories along 7.8 km of 
river channel (mean NND 2,205 m), and the Virgin Canyon area had 4 occupied territories along 15.7 
km in the (mean NND 2,639 m).   
Indicative of the aggressive and territorial nature of peregrines, the mean NND across the 
LMNRA region has not changed drastically over the past four years (6,781 to 6,298 m), even as the 
number of known territories and overall density appear to have both increased by nearly 60% in the 
same period (Table 2).  However, the minimum NND has dropped over 26% (1,640-1,211 m), which 
is a result of increased crowding in the high density, canyon portions of the lake systems.  The 
relative regularity of territory spacing in the high density areas (e.g., Fig. 4) is mirrored at a larger 
scale (Fig. 1).  Territorial spacing in this species can be seen as a repulsion or avoidance of one 
territory to the next, so half the distance between two territories can be considered the area of 
influence of each territory and will generally be defended by the resident falcons (Ratcliffe 1993).  
The minimum and average NND can then inform as to the minimum territory requirements in a given 
area (e.g., Fig. 4).     
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There is some evidence, though inconclusive, that peregrine numbers at LMNRA may be 
reaching local carrying capacity, particularly within the canyon areas along the lake shores.  If the 
number of available nest sites has become recently limited, it might be expected that the number of 
agonistic conspecific encounters near eyrie sites would have increased in recent years, particularly 
during the courtship stage when eyries are being selected.  It is known that male and female 
peregrines will readily adopt eggs and young from recently displaced breeders so they can join the 
breeding population in subsequent years (Newton 1979; Ratcliffe 1993; White el al. 2002).  Indeed, 
the number of observed aggressive conspecific encounters was highest in March and April during 
incubation and early nestling stages, and notably, the number of interactions in 2008 and 2009 (n=14) 
was more than 3 times greater than the number observed in the previous two years (n=4).   
It is also possible to speculate that the recent survey efforts have begun approaching the 
documentation of an accurate breeding number within LMNRA.  Of the newly discovered territories 
in 2009 at least four had no obvious accumulations of white wash which suggested only recent 
occupancy of these sites; two of the other sites could not be readily assessed for white wash.  
Importantly, no successful young were produced from the four sites, and in general breeding success 
rate for the nine newly discovered sites was quite low (28.6%).  These observations fit with known 
patterns that show younger breeding peregrines in newly established territories have lower success 
rates than older breeders with more years of experience (Newton 1979, Ratcliffe 1993, White et al. 
2002).  As further evidence that these sites represent  recent and possibly ongoing population 
expansion, two of the new territories were held well into the breeding season by single two-year old 
subadults, while a third territory was held a pair that failed to establish a nest.      
 
Nonbreeding Season Occupancy 
 
Globally, peregrines are known to be highly migratory after the breeding season, particularly 
from their higher latitude breeding grounds, although markedly less so in more temperate regions 
(Ratcliffe 1993; White et al. 2002).  Within LMNRA, Glinski and Garrison (1992) obtained mixed 
results for territorial occupancy by four adults during two nonbreeding seasons (defined as September 
through February by the authors) in the early 1990s.  Since 2004, presence of peregrines within 
LMNRA has been documented regularly outside of the breeding season, both incidentally and during 
a monthly inventory and monitoring project; however, apart from limited evidence from the previous 
research in the early 1990s, it was not known to what degree the resident breeding peregrines remain 
in the area after young have fledged.  The results from the monitoring of territories during the 
nonbreeding season in this study showing regular occupancy at 4 of 5 sites and bonded pair behavior 
at 3 of the sites indicates that site fidelity may be high (Table 5) and that seasonal migration is not 
likely the prevalent pattern.   
 
Peregrine Falcon Occupancy of Lakes Mead and Mohave Shorelines 
 
Peregrines are not restricted to cliff-nesting in the absence of terrestrial predators and in these 
cases have been known to nest freely on the ground or on otherwise gradual slopes (Newton 1979, 
Ratcliffe 1993, White et al. 2002).  Restriction to nesting on cliffs to avoid predators thus limits 
spatial distribution, and may limit density and population size in areas where prey is found in 
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sufficient abundance.  In addition to predator avoidance, nesting on cliff faces, and in cracks and 
overhung ledges, has the added benefit of shading nesting birds and young for at least some portion of 
the day.  This could be a critical factor for nesting success within the low elevation areas along the 
Colorado River Valley where warm temperatures in certain years can become extreme by late spring 
when nestlings are still present.  
Prey acquisition is also important, and the importance the immediate area surrounding the 
eyrie cliff cannot be overstated.  When possible, peregrines will utilize perches and ledges on the 
eyrie cliff in order to restrict energy expenditure when seeking and chasing prey.  Access to prey near 
the eyrie also lowers the energy expended on hunting, especially when returning to the eyrie with 
prey (Newton 1979, White et al. 2002).  A prominent eyrie cliff and presence of surrounding cliffs 
allows resident peregrines to employ a sit-and-wait hunting method whereby they wait for prey to fly 
beneath them and use gravity and surprise to their best advantage.  The proximity of the eyrie cliff to 
the permanent water of lakes Mead and Mohave provides wide open hunting areas with limited cover 
and escape options particularly for terrestrial, non-aquatic birds that cannot take refuge in water.    
Historically, the relatively recent creation of lakes Mead and Mohave in the otherwise harsh 
and arid climatic extremes of the Mojave Desert has enhanced the area‟s value as a migratory route 
for both terrestrial and aquatic birds (Rosenberg et al. 1991; Spence 1998).  Regionally these 
reservoirs have increased the abundance and diversity of potential prey species for peregrines, as well 
as concentrating many of these species along shorelines directly below large cliff faces.  In particular, 
at least 94 species of shorebirds, waterfowl, and other open water birds, many of which are directly 
available as prey, use these lakes some in large numbers.  At least 29 species have been observed 
during peregrine prey attempts or as prey remains at eyries or plucking perches (Tables 6 & 7).  
During the course of the present monitoring project, 204 predatory attempts have been observed on at 
least 39 species or prey types, and 28 of the avian species are dependent on either aquatic or riparian 
habitat types (Table 6).  Of 144 prey attempts where the prey item could be adequately identified, 
68% were directed toward avian species dependent on aquatic or riparian habitat types.  Similarly, 25 
of 34 (74%) of observed prey remains were of species dependent on open water or riparian habitat 
(Table 7).   
In keeping with theory (Newton 1979; Ratcliffe 1993), a large difference of reproductive 
success rates was observed within LMNRA during the study period when accounting for distance of 
the eyrie to the nearest shoreline.  When breeding success was compared for eyries ≤ 750 m from the 
shoreline with those > 750 m away from shorelines (2008 and 2009 combined), the success rates were 
much higher for sites near lake shorelines. Breeding attempts were observed at 39 of the 46 near 
shoreline territories with an 82.1% breeding success rate.  These near-shore sites produced a total of 
85 successful young, with 2.18 young/breeding attempt and 2.66 young/successful breeding attempt.  
By contrast, 12 breeding attempts were documented at 14 territories far from shorelines.  The 
breeding success rate was only 33%, and these pairs produced only 6 successful young for an average 
of 0.5 young/breeding attempt and 1.5 young/successful breeding attempt during the two year period.  
This assessment, however, may be confounded by the fact that many of the sites located away from 
the shorelines were also those that may represent new pairs occupying newly established territories.   
 
Page 13 of 32 
 
CONCLUSIONS AND RECOMMENDATIONS 
 
Future Monitoring 
 
Peregrine falcons at LMNRA have clearly been increasing, but the habitat for this species 
may be impacted by losses from increased recreational activities within prime breeding areas and by 
changes in water quality caused by increased concentrations and mixtures of contaminates.  The 
impact of these threats can be monitored by evaluations of population trend and reproductive success 
rates.  It is recommended that a long-term monitoring strategy be developed that will meet USFWS 
recommendations and NPS reporting requirements while minimizing effort.  The strategy should 
adopt the recently developed rapid assessment call-broadcast technique to efficiently determine 
annual occupancy of a large subset of shoreline territories early in the breeding season.  If conducted 
by a qualified and trained observer, such actions could take only a few days of concerted effort.  
Additionally, specific territories (and those selected by USFWS for long-term monitoring) should be 
assessed on a regular bias for reproductive success (USFWS recommendations are for every three 
years).  To increase the power to detect local population trends, a subset of other known sites also 
should be assessed on a rotating basis.   
 
Potential Banding Effort and Contaminant Testing 
 
The high occupancy of territories from year to year, and an apparent ongoing increase in 
known breeding pairs, indicates the number of peregrines within LMNRA has not yet reached the 
carrying capacity of the local environment, although the data presented herein suggest that in certain 
habitats, density may be reaching a maximum.  To further our understanding of the regional impact of 
the local peregrine population at LMNRA, a banding study should be conducted.  Banding data would 
allow a better estimate of population size at LMNRA, provide estimates of juvenile and adult 
mortality rates, provide insight into site fidelity and territory turnover, and most importantly into 
regional dispersal patterns.  Without knowing dispersal rates and movement patterns it is difficult to 
truly assess local trends and to determine the impact that breeding birds at LMNRA have on the 
population of peregrines in the surrounding region.  It can be speculated that the high quality sites on 
lakes Mead and Mohave are primarily responsible for the increase across LMNRA and possibly for 
the apparent increase of breeding activities in the much drier ranges throughout the rest of Clark 
County and the surrounding region (Christy Klinger pers. comm.), but very little is known for certain. 
As an apex predator, peregrines remain vulnerable to bioaccumulation of persistent 
environmental contaminants and have been proven to be an indicator of contamination within 
regional ecosystems (Mora et al. 2002; Elliot et al. 2005).  Lakes Mead and Mohave are downstream 
repositories for urban and industrial waste waters from the Las Vegas Valley, as well as residential, 
and agricultural areas along the Virgin and Muddy river drainages.  The prey taken by peregrines at 
LMNRA are often aquatic or shoreline species that may absorb any number of the many potentially 
harmful compounds present in the aquatic system.  Should a banding project be undertaken, it is 
recommended that biological samples (i.e., blood and feather samples) be taken from the birds for 
evaluation of biocontaminants.  Such information may be useful for evaluating ecosystem health and 
emerging water quality issues (Henny and Elliot 2007) within the park.   
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Figure 1.  Occupied peregrine falcon territories (red dots) within Lake Mead National Recreation 
Area in 2009.  An occupied territory was defined as a site containing ≥ 1 territorial peregrine present 
during a portion of the breeding season.  
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Figure 2.  Example of rapid assessment survey locations based on a draft predictive habitat model in 
an area of Black Canyon, Lake Mead National Recreation Area.  Call-broadcast survey points are 
indicated by green triangles.  The draft predictive habitat model was generated using known eyrie 
locations prior to 2009 and was based predominately on slope and solar radiation variables.  Red 
predicts areas of high suitability and yellow depicts areas of highest predicted suitability for breeding 
locations.
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Figure 3.  Occupied peregrine falcon territories in 2008 (green dots) and survey locations (purple 
triangles) for rapid exploratory assessments in early 2009 at Lake Mead National Recreation Area.  
An occupied territory was defined as a site containing ≥ 1 territorial peregrine present during a 
portion of the breeding season.   
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Figure 4.  Distribution of known peregrine falcon territories in 2009 within Black Canyon, Lake 
Mead National Recreation Area (LMNRA).  Red dotes indicate eyrie locations at each territory, while 
tightly clustered dots depict alternate eyries used in different years within each territory.  The blue 
circles around each eyrie are 600 m radius buffers, which corresponds to roughly half the minimum 
nearest neighbor distance (NND) between territories in 2009.  The green circles around each eyrie 
represent 3,000 m radius buffers, which correspond to roughly half the mean NND of all known 
peregrine territories within LMNRA in 2009. 
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Table 1.  Number of known occupied peregrine falcon territories within Lake Mead National 
Recreation Area from 1985 through 2009.  An occupied territory was defined as a site containing ≥ 1 
territorial peregrine present during a portion of the breeding season. 
 
 Territories on or near 
Lake Mead 
Territories on or near 
Lake Mohave 
LMNRA Total 
Occupied Territories  Date 
1985§ 1 0 1 
1986§ 1 0 2 
1987§ 1 0 1 
1988§ 1 2 3 
1989§ 1 3 4 
1990* 1 3 4 
1991* 1 3 4 
1992 1 4 5 
1993 1 5 6 
1994 1 4 5 
1995** 2 5 7 
1996 3 5 8 
1997 2 5 7 
1998 4 4 8 
1999 4 4 8 
2000 5 4 9 
2001 5 4 9 
2002 5 3 8 
2003+ 7 6 13 
2004+ 7 7 14 
2005+ 9 5 14 
2006 14 6 20 
2007 16 9 25 
2008 19 9 28 
2009 21 11 32 
§ Monitoring conducted exclusively by NDOW. 
* Includes territories identified in AGFD research.  
** Includes territories verified by AGFD.  
+ Includes Burro Wash surveys conducted by NDOW. 
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Table 2.  Summary of peregrine falcon territory density within Lake Mead National Recreation Area 
(LMNRA) during 2006-2009.  An occupied territory was defined as a site containing ≥ 1 territorial 
peregrine present during a portion of the breeding season. 
 
Category 2006 2007 2008 2009 
Total occupied territories 20 25 28 32 
Mean Nearest Neighbor Distance (m) 6,781 6,953 6,277 6,298 
Median Nearest Neighbor Distance (m) 4,332 5,640 4,065 4,577 
Minimum Nearest Neighbor Distance (m) 1,640 1,640 1,509 1,211 
Density* 1 terr./188 
km
2
 
1 terr./151 
km
2
 
1 terr./134 
km
2
 
1 terr./118 
km
2
 
*This number represents known occupied territories per available land area in LMNRA (3,765 km
2
).  Unless all 
occupied territories were detected, the value does not account for the actual density of the entire breeding 
population of peregrines within LMNRA. 
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Table 3.  Summary of peregrine falcon productivity at Lake Mead National Recreation Area from 
2006-2009. An occupied territory was defined as a site containing ≥ 1 territorial peregrine present 
during a portion of the breeding season.  A breeding attempt was designated for a territorial pair when 
copulation, prolonged courtship, or evidence of reproduction was observed (i.e., incubation posture, 
nestlings or fledglings present, adults delivering prey to the nest).  Only those breeding attempts 
detected in the early stages of the reproductive cycle (i.e., courtship or incubation) have been included 
when calculating breeding success rates and when determining numbers of young/breeding attempt.  
A successful breeding pair was defined as having produced at least one offspring ≥ 28 days old, and a   
successful young was any nestling or fledgling ≥ 28 days old.   
 
Categories 2006 2007 2008 2009 Total§ 
Occupied territories 20 25 28 32 105 
Breeding attempts  15* 12 25** 28 72 
Successful breeding pairs 13* 9 17** 20 51 
Breeding success rate (%) 75.0 75.0 66.7 71.4 70.8 
Successful young/occupied territory 1.05* 0.88 1.29 1.72 1.15 
Successful young/breeding attempt 1.00 1.83 1.50 1.96 1.68 
Successful young/successful breeding pair 1.62* 2.44 2.29** 2.75 2.37 
Total successful young detected 21* 22 39** 55 121 
Total adults detected 34 46 55 61 NA 
§ Total calculations only include breeding attempts discovered early in the breeding season. 
*Includes results from 7 breeding attempts discovered late in the breeding season, resulting in 13 
successful young. 
** Includes results from 1 breeding attempt discovered late in the breeding season with 3 fledglings. 
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Table 4.  Summary of survey efforts for peregrine falcons within Lake Mead National Recreation 
Area throughout the 2004-2009 breeding seasons.  Survey effort reflects surveys conducted by NPS 
and UNLV personnel only. 
 
Categories 2004 2005 2006 2007 2008 2009 
Total number of surveys 49 58 118 146 247 376 
Total number of sites surveyed 15 25 30 39 49 139 
Exploratory surveys 2 16 32 36 26 132 
Number of exploratory sites 2 10 14 17 21 111 
New territories discovered 1 1 5 4 4 6 
 
 
Page 25 of 32 
 
Table 5.  Summary of monthly survey results at five peregrine falcon territories at Lake Mead National Recreation Area during the 2008-2009 
nonbreeding season (August–January).   
 
Territory: 2008-09 August September October November December January 
Engine Beach ♂♀, TD, E, 
V 
♂, E U, PA*3 ♂, PA, E, V ♀, E ♂, E 
Grebe Bay ♂♀, CH, 
PA, E, V 
♂♀, PA*3, 
E, V 
♂, E Unoccupied 
(2 surveys) 
Unoccupied Unoccupied 
Promontory Point ♂, TD, E, 
V 
U, E, V ♂♀, TD, E ♂♀, TD, E, 
V 
♂♀, E, V ♂♀, C, 
CH*2, E 
Chalk Cliffs ♂♀, CH, 
PA*2, E 
♂♀, PA*2, 
E, V 
♂♀, PA*2, 
FS, V, E 
♂♀, CH*2, 
PA, E, V 
♂♀, E, V ♂, PA*3, 
TD*2, E 
South Basin Cove ♀, PA, E Unoccupied ♂♀, CH*2, 
PA, E 
♂♀, E ♂♀, E ♂♀, C, E 
♂♀=pair; ♂=single male; ♀=singe female; U=unknown peregrine; C=courtship; TD=territorial display or defense; CH=cooperative hunting; 
PA=single adult prey attempt; FS=food sharing; E=perched ≤ 100 m from eyrie; V=vocalizing 
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Table 6.  Observations of prey attempts by peregrine falcons within Lake Mead National Recreation 
Area from 2004-2009.  Prey type was identified to lowest possible taxa the observer could be certain 
of at the time of the observations. 
 
Prey Type Species  Total Attempts 
Prey unidentified  1 
Invertebrate unidentified  1 
Bat unidentified  7 
Bird unidentified  19 
Aquatic bird unidentified  4 
Eared Grebe Podiceps nigricollis 11 
Clark‟s/Western Grebe Aechmophorus spp. 1 
Double-crested Cormorant Phalacrocorax auritus 3 
White-faced Ibis Plagadis chihi 1 
Canada Goose Branta canadensis 1 
Duck unidentified Anseriformes 1 
Mallard Anas platyrhynchos 2 
Northern Shoveler Anas clypeata 1 
Cinnamon Teal Anas cyanoptera 1 
Green-winged Teal Anas crecca 2 
Ring-necked Duck Aythya collaris 1 
Red-breasted/Common Merganser Mergus spp. 1 
Ruddy Duck Oxyura jamaicensis 1 
American Coot Fulica americana 15 
Shorebird unidentified Charidriidae, Scolopacidae 2 
Killdeer Charadrius vociferus 1 
American Avocet Recurvirostra americana 1 
Spotted Sandpiper Actitis macularia 1 
Long-billed Curlew Numenius americanus 1 
Sandpiper unidentified Calidris spp. 10 
Sanderling Calidris alba 1 
Phalarope unidentified Phalaropus spp. 1 
Gull unidentified Larus spp. 1 
Ring-billed/California Gull Larus spp. 1 
Ring-billed Gull Larus delawarensis 3 
Tern unidentified Sterna spp. 1 
Dove unidentified Columbidae 5 
White-winged Dove Zenaida asiatica 7 
Mourning Dove Zenaida macroura 4 
Eurasian Collared-Dove Streptopelia decaocto 4 
Lesser Nighthawk Chordeiles acutipennis 1 
Belted Kingfisher Ceryle alcyon 1 
Passerine/land bird unidentified  45 
White-throated Swift Aeronautes saxatalis 1 
Say‟s Phoebe Sayornis saya 3 
Swift/Swallow unidentified Apodidae/Hirundinidae 2 
Swallow unidentified Hirundinidae 9 
Northern Rough-winged Swallow Stelgidopteryx serripennis 2 
Wren unidentified Troglodytidae 3 
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Rock Wren Salpinctes obsoletus 1 
Northern Mockingbird Mimus polyglottos 1 
Red-winged Blackbird Agelaius phoeniceus 3 
Yellow-headed Blackbird Xanthocephalus xanthocephalus 2 
Great-tailed Grackle Quiscalus mexicanus 11 
House Finch Carpodacus mexicanus 1 
Total Prey Attempts  204 
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Table 7.  Prey remains observed or collected from peregrine falcons within Lake Mead National 
Recreation Area from 2006-2009.  Prey type was identified to lowest possible taxa the observer could 
be certain of at the time of the observations.  Observations were made by witnessing peregrines 
carrying, or feeding on, identifiable prey when the attempt itself was not observed, or collected either 
directly after peregrines finished feeding or from peregrine plucking perches when feeding was not 
observed. 
 
Prey Type Species Total Individuals 
Eared Grebe Podiceps nigricollis 4 
Double-crested Cormormant Phalacrocorax auritus 1 
Green-winged Teal Anas crecca 1 
Red-breasted/Common Merganser Mergus spp. 1 
American Coot Fulica americana 7 
American Avocet Recurvirostra americana 1 
Gull unidentified Larus spp. 2 
Ring-billed Gull Larus delawarensis 3 
Dove unidentified Columbidae 2 
White-winged Dove Zenaida asiatica 2 
Mourning Dove Zenaida macroura 2 
White-throated Swift Aeronautes saxatalis 2 
Swift/Swallow unidentified Apodidae/Hirundinidae 1 
Rock Wren Salpinctes obsoletus 1 
Canyon Wren Catherpes mexicanus 1 
Great-tailed Grackle Quiscalus mexicanus 3 
Total  34 
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Appendix 1. Copy of data form used for peregrine falcon monitoring at Lake Mead National 
Recreation Area. 
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Appendix 2. Copy of call-broadcast data form used for method-testing and rapid site assessment at 
Lake Mead National Recreation Area. 
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Appendix 3. Selected studies of peregrine falcon breeding populations. 
 
Location (years) 
Successful 
young/breeding 
attempt 
Successful 
young/successful 
breeding pair 
Breeding 
success rate Density 
Mean nearest 
neighbor 
distance Reference 
LMNRA (2006-09) 1.68 2.37 71% *1 pair/ 
118 km
2 
6.298 km This study 
Arizona (1976-85) 1.7 2.27 73%   Ellis 1988 
Utah (1984-85) 1.3 2.1    Enderson et al. 1988 
Colorado (1984-85) 1.4 2.1    Enderson et al. 1988 
Pennsylvania (1939-46) 1.3 2.3 80%   Rice 1969 
Greenland (1981-85) 2.4 3.0  1 pair/ 
192 km
2 
7.7 km Mattox & Seeger 1988 
Southern Greenland (1981-85) 1.8 2.7 73% 1 pair/ 
240 km
2 
 Falk & Moller 1988 
Southern Alps (2002) 1.24 2.4 51.7%   Brambilla et al. 2004 
Southern Alps (2002-04)    1 pair/ 
69.9 km
2 
5.391 
 ± 0.609 km 
Brambilla et al. 2005 
Northern Spain (1996) 1.45 2.23 65%   Gainzarain et al. 2000 
Northern Spain (1997) 1.44 2.12 68%   Gainzarain et al. 2000 
Grand Canyon, Arizona  
(1988-89) 
   1 pair/ 
16.3 km
2 
 White et al. 2002 
Britain (1945-61)    1 pair/ 
52.1 km
2 
4.83 km Ratcliffe 1962 
*This number represents the number of known occupied territories/available land area in LMNRA (3,765 km
2
) as of the 2009 breeding season.  It likely does not 
account for an accurate density of the entire breeding population of peregrines within LMNRA, including some areas not surveyed as of 2009.  
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BACKGROUND 
 
The information contained herein represents a summary of final habitat suitability models and associated 
maps for eight bird species in southern Nevada conducted on behalf of Lake Mead National Recreation 
Area (LMNRA), National Park Service with funding through the Clark County Multiple Species Habitat 
Conservation Plan (MSHCP; Contract reference: 2005-NPS-609A-P).  This summary report accompanies 
electronic files that include the predictive habitat suitability models, along with bird observation data and 
environmental variable data applicable for electronic mapping using geographic information systems.  
The main goal of this project was to provide habitat suitability models that predict the occurrence of the 
targeted species across Clark County (see Floyd et al. 2007 and Boykin et al. 2008 for earlier models of 
targeted species).  This project was performed under task agreement by personnel at the Public Lands 
Institute, University of Nevada, Las Vegas (UNLV) in collaboration with Ken Nussear and Rich Inman 
from the United States Geological Survey Biological Resource Division, Western Ecological Research 
Center (USGS-BRD), and personnel at LMNRA resource management, particularly Ross Haley, Joseph 
Hutcheson, and Mark Sappington. 
 
APPROACH 
 
Targeted Species – The models discussed herein were developed with the goal of providing information 
towards assessing the status of six covered and three evaluation bird species under the MSHCP.  This 
summary report covers eight of these species for which the modeling approach was similar, specifically: 
Arizona Bell’s vireo (Vireo bellii), Bendire’s thrasher (Toxostoma bendirei), blue grosbeak (Passerina 
caerulea), gray vireo (Vireo vicinior), Le Conte’s thrasher (Toxostoma lecontei), phainopepla 
(Phainopepla nitens), summer tanager (Piranga rubra), and vermilion flycatcher (Pyrocephalus rubinus). 
The modeling effort for the southwestern willow flycatcher (Empidonax traillii extimus) associated with 
this project is described in a separate document because intensive local monitoring in specific areas 
allowed for a different modeling approach. 
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Habitat Suitability Modeling – Habitat suitability models (also known as species distribution models) 
were generated using a maximum entropy approach in Maxent (v3.3.3a, Phillips et al. 2006).  The 
modeling algorithm predicts suitability for a given species based on a set of occurrence localities as a 
function of specified environmental features (predictor variables) that likely influence the geographic 
distribution of the species.  Maxent generates a probability distribution of ‘suitable habitat’ over the study 
area, where values range from 0 (very low probability of species occurrence) to 1 (very high probability 
of species occurrence).   
 
As with any model, prudence should be taken when evaluating model predictions or when applying the 
predictions to real world assessments of habitat.  Model outputs can be misled by numerous factors, of 
which the following are important considerations: (1) the number and reliability of the occurrence data for 
the species; (2) the exclusion from model inputs of biologically important features, for example, the 
models presented herein do not include variables for closely related species that may impact the target 
species through competition; and (3) unknown accuracy and precision in the environmental layers used as 
variables in the models.  
 
Available spatial layers for environmental features within Clark County were often of limited accuracy, 
contained data gaps, or were simply not available.  The environmental variables used for these models 
consisted of a mix of existing data layers, layers that were modified from existing layers, and data layers 
derived from other sources of spatial information (see Appendix for variable descriptions).  Modeling was 
conducted at a biologically realistic scale of 250 m (raster cell size = 250 m) due to potential errors of up 
to 300 m for observation data, as well as to account for the resolution and accuracy of some 
environmental data layers.  For consistency, environmental data layers, when available at finer scales, 
were aggregated to 250 m. 
 
Observation records for the targeted species were derived from a conglomerate of local sources (Table 1), 
and not all these data were mutually exclusive.  Presence points located within 250 m of each other were 
treated as a single observation in order to eliminate duplicate observations.  Collection bias was evident in 
these data, as the observations showed spatial aggregation at particular areas (often at known study sites 
and favorable birding locations) and along remote roads.  Indeed, roads were such a strong predictor for 
several species in the preliminary models, that this data layer was removed from consideration in all final 
analyses.  In order to further mitigate for spatial aggregation in the filtered dataset, the number of 
observations present in a 500 m radius of each recorded observation was estimated in GRASS GIS (v 
6.4.0, GRASS Development Team, 2010), and these data were then used to weight each of the occurrence 
localities supplied to Maxent. 
 
Modeling Approach – Conceptual models for each species were developed to identify likely 
environmental features that were thought to affect habitat selection or the geographic distribution of each 
of the targeted species based on expert opinion and literature review.  Final conceptual models (provided 
to the County) were developed with the explicit intent of informing the variable selection process.  Based 
on the conceptual models, available data layers were selected for modeling that best represented the 
important environmental features for each species.  Numerous preliminary models were generated for 
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each species during a process of evaluating variable performance (i.e., while including, excluding, and 
trading out various data layers).  Final variable selection was based on the contribution and importance of 
each data layer to the model in conjunction with all of the other variables included in the model. 
 
When modeling, a mask was used to eliminate reservoirs, developed lands, major highways and roads.  
An existing urban layer was not used as it removed agricultural lands that some of the targeted species 
utilize.  Instead, a roads layer with a 50 m or 300 m buffers was used, along with a reservoir layer.  
Initially, the 300 m buffer was preferred as it tended to mask the majority of developments, but later a 50 
m buffer was used for some of the riparian species (identified for each of those species below).  This layer 
allowed incorporation of observations that would otherwise have been removed and also allowed better 
predictions of suitable habitat in areas where human development interfaced with riparian habitats.  
 
Table 1.  List of sources for observation records of the nine targeted bird species.  The vast majority of 
observation records used for modeling were from 2004 to 2009.   
 
Dataset Name (project reference) Description 
LM NPS Surveys 
Observations from LMNRA, point count surveys (2004 –2007) 
and intensive plots (2004– 2005, 2008 –2009), incidental 
observations included. 
BOR Observations from Bureau of Reclamation, Rapid Area Searches along lower Colorado River. 
GBBO 2009 NV Bird Count Observations from Great Basin Bird Observatory, Nevada Bird Count Program (2009) for Clark County along survey transects. 
GBBO 2009 NV Intensive Surveys Observations from Great Basin Bird Observatory, Nevada Bird Count Program (2009) for Clark County on the intensive plots. 
GBBO 2006 NV Bird Count Observations from Great Basin Bird Observatory, Nevada Bird Count Program (2006) for Clark County along survey transects. 
GBBO 2008 NV Bird Count Observations from Great Basin Bird Observatory, Nevada Bird Count Program (2008) for Clark County along survey transects. 
SNWA LV Wash Surveys Observations from Southern Nevada Water Authority, surveys of Las Vegas Wash (2000–2006). 
SNWA LV Wash Point Counts Observations from Southern Nevada Water Authority, point count surveys of Las Vegas Wash (2005–2008). 
NDOW Scientific Collections Location records from Nevada Department of Wildlife, Scientific Collections (1952–2003). 
Public Database Searches Observations collected as part of LMNRA, historical record searches for birds (1994–2009) for project NPS-542. 
NPS-542 Historic Revisits 
Observations from LMNRA, targeted surveys of historical 
locations (2009–2010) for project NPS-542, incidental 
observations included. 
USGS Gold Butte Surveys 
Observations from U.S.G.S. Western Ecological Research 
Center, transect surveys for the Gold Butte Wildlife and Plant 
Habitat Modeling project (2009–2010), incidental observations 
included. 
 
 HABITAT SUITABILITY MODELS 
 
Bell’s Vireo – Habitat Suitability Model   
 
 
Figure 1.  Habitat suitability model for the Bell’s vireo within Clark County, Nevada.  Predicted values 
range from 0 (very low probability of species occurrence) to 1 (very high probability of species 
occurrence).  Areas in white represent null values (mask) associated with developed lands, major 
highways, and reservoirs. Occurrence localities used to generate the model are shown. 
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Observations of Bell’s vireo within the county were relatively common and the model was based on 116 
records (Figure 1).  For the final model, a roads mask of 50 m was used.  This allowed better predictions 
of suitable habitat in areas where human development interfaces with riparian habitats.  Eight 
environmental variables were selected for inclusion in the habitat suitability model (Table 2). Heuristic 
estimates of variable contribution indicated that two vegetation variables, Mesquite-Riparian and Major 
Surface Water contributed overwhelmingly to the model (81.3% contribution).  Select Riparian 
Vegetation Index was also included in the model, although this variable appears to interact strongly with 
Mesquite-Riparian.  The strong contributions of the two vegetation variables and major surface water 
appear consistent with this species’ association with dense, understory vegetation in riparian areas close 
to water.  Along the lower Colorado River these birds are commonly found in mesquite (Prosopis spp.) 
and tamarisk (Tamarix spp.) woodlands, often near water.  The other variables provided an overall 
moderate contribution to the model with positive associations of Bell’s vireo presence with Washes, 
Geomorphology (valleys) and Topography (channel features), higher Summer Temperatures, and 
Landform features (valleys, bottoms, level, etc.).  
 
Table 2.  Eight environmental variables included in the final Maxent model for Bell’s vireo and estimates 
(from Maxent) of relative contributions and importance of each variable to the model.   
Variable Variable Name Percent 
Contribution 
Permutation 
Importance (%) 
Mesquite-Riparian c250m_ilogD2Drip_mesq 50.8 64.1 
Major Surface Water c250m_ilogD2SurfWaterCC 30.5 6.1 
Select Riparian Vegetation Index c250m_ilogD2NDVIrip_bin 5.2 3.3 
Washes c250m_ilogD2PLIwashes 4.5 16.8 
Geomorphology  txt_c250m_CC_UNRGeomorph 2.7 2.2 
Maximum Summer Temperature c250m_MaxT_s_ 2.6 3.0 
Topography  txt_c250m_TpgphyFeature2 2.4 1.3 
Landform txt_c250m_Landform_SWReGAP 1.3 3.2 
 
The following provides a summary of variable responses in the Maxent model.   
 
Climatic features 
 
 Maximum Summer Temperature – This vireo showed steep positive association with higher summer 
temperatures.  Although, the association was strong, when used with other variables the contribution 
to the model was minimal. 
 
Vegetation features 
 
 Mesquite-Riparian – This vireo was strongly associated with mesquite and riparian vegetation.   
 Select Riparian Vegetation Index – When assessed individually, this variable had strong explanatory 
power, but when modeled with Mesquite-Riparian (and the other variables) it contributed only 
moderately.   
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Terrain and Other Surface Features 
 
 Major Surface Water – This vireo was strongly associated with major surface water. When modeled 
individually, this variable had the second strongest explanatory power.   
 Washes – Washes contributed moderately to the model and appears to have some level of important 
information not contained in any of the other variables.  
 Geomorphology – Bell’s vireo was associated with alluvial valleys and alluvial washes identified by 
this categorical variable.  
 Topography – The larger scale topographic feature ‘channels’ was moderately associated with Bell’s 
vireo distribution.  
 Landform – The categorical features ‘Valleys, Bottom lands, Swales, and Gentle slopes’ showed only 
minor associations with the presence of this vireo. 
Bendire’s Thrasher – Habitat Suitability Model 
 
Figure 2.  Habitat suitability model for the Bendire’s thrasher within Clark County, Nevada.  Predicted 
values range from 0 (very low probability of species occurrence) to 1 (very high probability of species 
occurrence).  Areas in white represent null values (mask) associated with developed lands, major 
highways, and reservoirs. Occurrence localities used to generate the model are shown. 
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The model for the Bendire’s thrasher was based on a low number of observations (27), many of which 
were collected during this project in surveys specifically targeting this species (Figure 2).  The habitat 
suitability model included 9 variables (Table 3).  As was expected, Joshua Tree contributed strongly, as 
this species is known to have a strong affinity to areas with Yucca brevifolia and other yucca species.  
These areas, along with black brush (Coleogyne ramosissima) communities, also often contain cholla 
species (Opuntia spp.) with which this thrasher appears affiliated.  A stronger association with Mojave-
mixed scrub was expected as this community also contains plant species favored by this thrasher; 
however, the variable showed only a weak positive response.  This may reflect large differences in plant 
assemblages identified by this data layer, suggesting that the accuracy of the layer needs to be reassessed.  
Winter precipitation contributed strongly to the model and Vegetation Index contributed moderately.  
Habitat selection for both variables appears to be for moderately lower values which are likely associated 
with preferred vegetation. 
 
Among the other variables in the model of interest was the strong contribution of Sand Substrate which 
appeared to provide unique information to the model.  This complex, modeled variable was intended to 
identify sandy soils within the county.  Soil surface texture and hardness has been used to predict the 
presence of this species, and in general Bendire’s thrashers do not prefer sandy substrates, presumably 
because of foraging preferences and patterns.  The patterns showed a strong association with areas of low 
predicted values for sandy substrates.  This thrasher also showed a strong association with moderate to 
high values for Terrain Wetness Index, which is a measure of water accumulation potential.  The strong 
contribution of this variable is perplexing and further evaluation is recommended.   
 
Table 3.  Nine environmental variables included in the final Maxent model for the Bendire’s thrasher and 
estimates (from Maxent) of relative contributions and importance of each variable to the model. 
Variable Variable Name Percent 
Contribution 
Permutation 
Importance (%) 
Joshua Tree c250m_ilogD2JT_Final 32.9 6.8 
Sandy Substrates c250m_PredSandv02m8 18.3 26.2 
Terrain Wetness Index c250m_topdix 14.1 19.6 
Winter Precipitation c250m_PRCP_w 9.1 20.0 
Black Brush  zMaxE_CORA  5.8 1.4 
Vegetation Index c250m_NDVI 5.7 8.0 
Maximum Summer Temperature c250m_MaxT_s 5.6 15.2 
Mojave Mixed Scrub  c250m_ilogD2MojMixscrub 4.8 1.6 
Geomorphology Txt_c250m_CC_UNRGeomorph 3.5 1.2 
 
The following provides a summary of variable responses in the Maxent model.   
 
Climatic features 
 
 Cumulative Winter Precipitation – This thrasher showed a strong association with moderately low 
levels of winter precipitation.   
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 Maximum Summer Temperature – Bendire’s thrashers appear to favor areas with warmer summer 
temperatures, but that trend drops-off steeply at the highest observed summer temperatures.  This 
variable contributed only moderately to the model, but showed strong information content not 
provided by the other variables.      
 
Vegetation features 
 
 Joshua Tree  – The Bendire’s thrasher was strongly associated with this variable.     
 Black Brush – This thrasher appears to have a weak, positive association with this variable.    
 Vegetation Index – The Bendire’s thrasher shows a tight association with moderately low levels of 
vegetation (NDVI).  This variable contributed only weakly to the model, but the minimal information 
content appears to not be represented in other features.  
 Mojave Mixed Scrub – The association with this variable was weakly positive, but the pattern was 
broadly distributed over the range of distance values.  
 
Landforms and Other features 
 
 Sandy Substrates – This variable was the second most important variable in the model and contained 
substantial information not provide by the other variables.  The pattern of association was with low 
values for predicted sandy substrates.   
 Terrain Wetness Index – This variable can best be defined as a measure of surface water (or flow) 
accumulation, and this thrasher appears to prefer areas with moderate to high values for this variable. 
 Geomorphology – Although this variable contributed very little to the model, it showed a positive 
relationship between this thrasher and alluvial fans.   
Blue Grosbeak – Habitat Suitability Model  
 
 
Figure 3.  Habitat suitability model for the blue grosbeak within Clark County, Nevada.  Predicted values 
range from 0 (very low probability of species occurrence) to 1 (very high probability of species 
occurrence).  Areas in white represent null values (mask) associated with developed lands, major 
highways, and reservoirs.  Occurrence localities used to generate the model are shown. 
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There were numerous observations of the blue grosbeak in the county, but observations were tightly 
clustered within particular riparian areas (Figure 3).  For the final model, a roads mask of 50 m was used 
which allowed modeling with 122 occurrence records.  The use of a smaller roads buffer also allowed 
better predictions of suitable habitat in areas where human development interfaces with riparian habitats.   
This species is known to occur in almost any type of riparian woodland including pure stands of tamarisk, 
although it occurs in highest densities in cottonwood (Populus sp.) and willow (Salix sp.) groves with 
particular structural characteristics.  The model was based on 6 environmental variables selected for 
inclusion (Table 4), but heuristic estimates of variable contribution to the model indicated that only 3 
variables associated with riparian-type vegetation and major surface water provided the overwhelming 
contributions (96.4%).  Variables associated with minor drainages and maximum summer temperatures 
showed strong predictive power individually, but their contributions to the model were limited when 
considered with the other variables.  The topographic feature ‘channels’ was positively associated with 
this species, and although relevant its contribution was of little importance.   
 
Table 4.  Six environmental variables included in the final Maxent model for the blue grosbeak, and 
estimates (from Maxent) of relative contributions and importance of each variable to the model. 
Variable Variable Name Percent 
Contribution 
Permutation 
Importance (%) 
Riparian vegetation index c250m_ilogD2NDVIrip2_bin 76.9 96.7 
Mesquite-Riparian c250m_ilogD2Drip_mesq 11.5 1.9 
Major Surface Water c250m_ilogD2SurfWaterCC 8.0 0.4 
Minor Drainages  c250m_ilogD2MnrStreams 1.9 0.5 
Maximum Summer Temperature c250m_MaxT_s 1.6 0.4 
Topography  txt_c250m_TpgphyFeature2 0.2 0.2 
 
The following provides a summary of variable responses in the Maxent model.   
 
Climatic features 
 
 Maximum Summer Temperature – The blue grosbeak was strongly associated with areas where 
summer temperatures were very high, although when included with other variables, the contribution 
of this variable to the model was minimal. 
 
Vegetation features 
 
 Riparian Vegetation Index – This species showed a strong association with areas that contained 
broadly defined riparian vegetation.  
 Mesquite-Riparian – This variable had the second highest predictive power when modeled alone, and 
appears to contribute useful information to the model.       
 
Landforms and Other features 
 
12 
 
 Major Surface Water – This species was strongly associated with major surface water. When modeled 
individually, this variable had the second strongest explanatory power.   
 Minor Drainages – This feature was moderately associated with the blue grosbeak, but when included 
with other variables it contributed only weakly to the model.  
 Topography –This categorical variable showed only minor explanatory power and contributed little to 
the model, although the selection of the landform feature ‘channels’ appears biologically relevant. 
 
 
 
 
 
Gray Vireo – Habitat Suitability Model   
 
Figure 4.  Habitat suitability model for gray vireo within Clark County, Nevada.  Predicted values range 
from 0 (very low probability of species occurrence) to 1 (very high probability of species occurrence).  
Areas in white represent null values (mask) associated with developed lands, major highways, and 
reservoirs. Occurrence localities used to generate the model are shown. 
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Eight environmental features were included in the habitat suitability model for the gray vireo, and the 
model was based on 185 observations (Figure 4).  Heuristic estimates of variable contribution to the 
model (Table 5) indicated that three variables contributed heavily (over 75% contribution).  Two of these 
measures, Vegetation Index and Pinyon-Juniper, were indicators of vegetation structure, density and type.  
The gray vireo prefers woodlands containing pinyon (Pinus sp.) and juniper (Juniperus sp.) trees with a 
dense understory of shrubs in which it forages.  The very strong contribution for Vegetation Index and 
Pinyon-Juniper to the model likely reflects the signature of the preferred vegetation type.  The third 
variable, Winter Precipitation is likely strongly correlated with the preferred vegetation, but this variable 
may also provide some index of prey base.  
 
Table 5.  Eight environmental variables included in the final Maxent model for the gray vireo and 
estimates (from Maxent) of relative contributions and importance of each variable to the model.   
Variable Variable Name Percent 
Contribution 
Permutation 
Importance (%) 
Vegetation Index c250m_NDVI 52.3 56.7 
Winter Precipitation c250m_PRCP_w 12.7 8.8 
Pinyon-Juniper  c250m_ilogD2PinJun_Final 10.7 4.3 
Creosote-Bursage  c250m_ilogD2CreoBur_Final 8.8 6.3 
Elevation c250m_Elev 6.7 10.4 
Rocky Canyons c250m_ilogD2RockyCanyons_Final 3.9 5.9 
Black Brush  zMaxE_CORA 3.6 5 
Mojave Mixed Scrub  c250m_ilogD2MojMixscrub 1.3 2.6 
 
The following provides a summary of variable responses in the Maxent model.   
 
Climatic features 
 
 Winter Precipitation – Gray vireo presence was positively associated with higher levels of 
precipitation, but then decreased at the highest values, likely because the highest precipitation values 
are associated with non favorable vegetation assemblages. 
 
Vegetation features 
 
 Vegetation Index –This variable provided an overwhelmingly high model contribution and 
assessments of its contribution indicated that it contained important data that were not present in the 
other variables.  
 Pinyon-Juniper – This variable showed a strong association with the gray vireo, and when assessed 
independently, it had a relatively high level of explanatory power.  The moderate importance of this 
variable in the model, however, may reflect the lack of differentiation among the levels of understory 
shrub cover in the layer, which may have been better modeled by NDVI (Vegetation Index).      
 Black Brush – This variable showed a strong positive association with this species, but its 
contribution to the model was limited when assessed with the other variables.   
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 Creosote-Bursage and Mojave Mixed Scrub – The negative contributions of these variables simply 
reflect the obvious lack of suitability of these vegetation types for these birds.  
 
Landforms and Other features 
 
 Rocky Canyons – This complex variable was intended to model rocky canyons and is associated with 
mountainous canyons and terrains.  The positive association of this variable appears to provide a 
moderate level of contribution to the model that is not captured by other variables.  
 Elevation – Elevation provides a moderate level of contribution not provided by the other features, 
although elevation is likely a surrogate for other environmental features not included in the model. 
The gray vireo is known to have a fairly restricted elevational limit in Nevada, which is reflected in 
this variable. 
Le Conte’s Thrasher – Habitat Suitability Model 
 
 
Figure 5.  Habitat suitability model for the Le Conte’s thrasher within Clark County, Nevada.  Predicted 
values range from 0 (very low probability of species occurrence) to 1 (very high probability of species 
occurrence).  Areas in white represent null values (mask) associated with developed lands, major 
highways, and reservoirs. Occurrence localities used to generate the model are shown. 
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The habitat suitability model for the Le Conte’s thrasher (Figure 5) was based on a large number of 
observations (136), many of which were collected during this project in surveys specifically targeting this 
species.  Eleven environmental features were selected for inclusion in the model (Table 6).  Heuristic 
estimates of variable contribution indicated that 3 of these provide the majority contribution (73.1%) to 
the model.  As was expected, slope contributed largely, as recent surveys in southern Nevada did not find 
the species in areas of more than 5o slope.  While some negative association with winter temperatures was 
expected for this territorial species, the strong negative response to areas with freezing temperatures was a 
bit surprising.  For these thrashers, which nest early in the Mojave Desert, energetic costs associated with 
keeping eggs and early nestlings warm may be important.  More likely, the availability of prey could be 
positively associated with temperature, wherein freezing temperatures likely reduce prey at critical 
breeding periods.  The third most important variable was Mesquite-Catclaw.  This species is not known 
for a strong association with Mesquite, preferring instead dense prickly shrubs such as cholla cactus to 
support and conceal bulky nests, and the association is more likely with the catclaw component of this 
layer.  Mesquites and other riparian trees are sometimes associated with saltbush, and the Le Conte’s 
thrasher is known to favor habitats with certain saltbush species.  Saltbush habitat (Saltbush and Playa) 
itself only contributed moderately to this model.  
 
Table 6.  Eleven environmental variables included in the final Maxent model for the Le Conte’s thasher 
and estimates (from Maxent) of relative contributions and importance of each variable to the model. 
 
Variable Variable Name Percent 
Contribution 
Permutation 
Importance (%) 
Winter Days Below Freezing c250m_CDBO_w 31.7 35.6 
Slope c250m_slope 23.3 37.2 
Mesquite-Catclaw c250m_ilogD2PLI_MesCClaw 18.1 6.1 
Geomorphology txt_c250m_CC_UNRGeomorph 5.3 1.1 
Minor Drainages  c250m_ilogD2MnrStreams 4.3 3.4 
Saltbush and Playa c250m_ilogD2sltbshPlaya 4.1 3.0 
Mojave Mixed Scrub  c250m_ilogD2MojMixscrub 4.0 3.8 
Joshua Tree c250m_ilogD2JT_Final 4.0 3.9 
Minimum Winter Temperature  c250m_MinT_w 2.3 2.1 
Vegetation Index c250m_NDVI 1.7 2.4 
Landform txt_c250m_Landform_SWReGAP 1.3 1.3 
 
The following provides a summary of variable responses in the Maxent model.   
 
Climatic features 
 
 Winter Days Below Freezing – This thrasher had a strong negative association with areas that have 
long periods of time where temperatures are below zero degrees Celsius. 
 Minimum Winter Temperature – This variable is highly correlated with Winter Days Below Freezing 
and its explanatory value is greater when Winter Days Below Freezing is not included in the model.   
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Vegetation features 
 
 Mesquite-Catclaw – This thrasher showed a strong positive association with this variable.  
 Joshua Tree – The Le Conte’s thrasher was only weakly associated with the Joshua tree layer.   
 Mojave Mixed Scrub – The weak association observed for this variable may reflect large differences 
in plant assemblages found in areas identified by this layer, suggesting that the accuracy of this layer 
needs to be reassessed.  
 Saltbush-Playa – This species showed only a moderate positive association with this variable.  
 Vegetation Index – Although, contributing very little to the model, the negative association with this 
proxy for vegetation density was expected, as the Le Conte’s thrasher is often described to inhabit the 
sparsest of desert environments. 
 
Landforms and Other features 
 
 Slope –The Le Conte’s thrasher demonstrates very strong positive associations to areas with very 
little slope and little topographic relief.  
 Minor Drainages – Many reports state that the Le Conte’s thrasher is often found near desert washes 
or arroyos where larger shrubs can support nests.  The moderate, yet positive, contribution of this 
variable is consistent with these observations.   
 Geomorphology and Landform – Alluvial valleys and bottom lands (bottom lands, swales, and gentle 
slopes) were identified as selected features from these variables.  The Landform variable showed 
more explanatory power than did Geomorphology, but its contribution was low when modeled with 
the other variables.  
Phainopepla – Habitat Suitability Model during Cool Season  
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Figure 6.  Habitat suitability model for the phainopepla within Clark County, Nevada during cool season 
months (October – April).  Predicted values range from 0 (very low probability of species occurrence) to 
1 (very high probability of species occurrence).  Areas in white represent null values (mask) associated 
with developed lands, major highways, and reservoirs. Occurrence localities used to generate the model 
are shown. 
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The phainopepla is believed to change habitat selection based on season, generally shifting to higher 
elevation habitats during the hot season.  The modeling of suitable habitat for the Phainopepla was 
divided into two seasons (hot and cool), based on an assessment of monthly elevation patterns for the 
occurrence data.  The hot season was defined as June–September and the cool season defined as October–
April.  Observations during the month of May suggested a period of transition and were not used.   
 
The habitat suitability model for the phainopepla during the cool season (Figure 6) was based on a large 
number of observations (127).  Eight environmental features were selected for inclusion in the model 
(Table7).  Heuristic estimates of variable contribution indicated that a single feature, Mesquite-Catclaw, 
provide the majority contribution (61.5%) to the model (Table 7).  The phainopepla has a strong positive 
association with leguminous woody plants, particularly catclaw and mesquite species, which host desert 
mistletoe, (Phoradendron californicum) the dominant food source for the phainopepla from October to 
May.  
 
Although not contributing substantially to the model, the phainopepla shows a strong negative 
relationship with temperatures that dropped below zero.  Breeding failures have been linked to the 
absence of mistletoe berries resulting from freezing temperatures, and this species has been suggested to 
avoid areas of colder temperatures for this reason.  The second most important feature in the model, 
however, was a robust measure of desert washes.  Catclaw and mesquite stands are often found in washes 
and smaller drainages where water is more available, and the selection of this feature, along with several 
of the other features in the model, likely reflects habitat conditions that favor these plants and the parasitic 
mistletoe.  The significance of these plants is also reflected in the strong contribution of a measure of 
riparian vegetation.   
 
Table 7.  Eight environmental variables included in the final Maxent model for the Phainopepla, and 
estimates (from Maxent) of relative contributions and importance of each variable to the model. 
 
Variable Variable Name Percent 
Contribution 
Permutation 
Importance (%) 
Mesquite-Catclaw c250m_ilogD2PLI_MesCClaw 61.5 58.3 
Washes c250m_ilogD2PLIwashes 16.2 18.4 
Select Riparian Vegetation Index c250m_ilogD2NDVIrip_bin 10.0 7.8 
Minor Drainages c250m_ilogD2MnrStreams 3.5 3.3 
Geomorphology txt_c250m_CC_UNRGeomorph 3.0 2.2 
Days Below Freezing c250m_CDBO_w 2.0 4.4 
Terrain Wetness Index c250m_topdix 1.9 3.4 
Landform txt_c250m_Landform_SWReGAP 1.9 2.1 
 
The following provides a summary of variable responses in the Maxent model.   
 
Climatic features 
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 Winter Days Below Freezing – Although not contributing substantially to the model, the phainopepla 
shows a strong negative relationship with temperatures that dropped below zero.   
 
Vegetation features 
 
 Mesquite-Catclaw –The phainopepla has a strong positive association with catclaw and mesquite, 
which host desert mistletoe the main food source for phainopepla from October to May.   
 Select Riparian Vegetation Index – There was a positive association between phainopepla and 
riparian areas that have the NDVI signature identified in this variable.  
 
Landforms and Other features 
 
 Washes –The phainopepla was positively association with this wash layer.   
 Minor Drainages – Although this variable contributes less to the model than washes, a positive 
association was also shown, and this variable contributed information not provided by the wash layer.  
 Geomorphology and Landform – The categorical components selected in these variables were all 
associated with valley bottoms and drainage type features (e.g., alluvial fans, alluvial valleys, spring, 
bottoms, swales).   
 Terrain Wetness Index– Interestingly, this variable indicated a selection for areas with only moderate 
propensity to accumulate water.  This association needs further evaluation.   
 
Phainopepla – Habitat Suitability Model during Hot Season  
 
 
Figure 7.  Habitat suitability model for the phainopepla within Clark County, Nevada during hot season 
months (June – September).  Predicted values range from 0 (very low probability of species occurrence) 
to 1 (very high probability of species occurrence).  Areas in white represent null values (mask) associated 
with developed lands, major highways, and reservoirs. Occurrence localities used to generate the model 
are shown. 
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With the loss of parasitic mistletoe fruit in summer months, phainopepla are believed to migrate out of the 
desert lowlands and shift to higher elevation habitats.  The exact nature of the shift is not clear and the 
approach used here to differentiate the occurrence records among seasons was not detailed.  The timing 
and scale of the geographic shift likely depends on resource availability and could have substantial 
temporal and spatial variation.  
 
The habitat suitability model for the phainopepla during the hot season (Figure 7) was based on moderate 
(although adequate) number of observations (46).  Eight environmental features were selected for 
inclusion in the model (Table 8).  In general, the top 2 features in this model were the same as those in the 
cool season model, except that mesquite and catclaw vegetation played a less significant role.  The 
species has been documented to follow fruiting of mistletoe found on junipers in summer and are known 
to feed on other berries available within Pinyon-Juniper woodlands, thus the contribution of Pinyon-
Juniper to the model was expected.  The large contribution of the topographic feature ‘pits’ and 
geomorphology (specifically, Alluvial Valleys and Washes, Lacustrine) to the model was surprising, but 
one can speculate that these features may provide areas of more mesic conditions that support fruiting 
plants in summer.  This may also be true of the contribution of Rocky Canyons and the continuing 
contribution of the Terrain Wetness Index, although less so for the identified Landform features.  Further 
assessment is recommended.  
 
Table 8.  Eight environmental variables included in the final Maxent model for the phainopepla and 
estimates (from Maxent) of relative contributions and importance of each variable to the model. 
 
Variable Variable Name Percent 
Contribution 
Permutation 
Importance (%) 
Washes c250m_ilogD2PLIwashes 25.1 14.8 
Mesquite-Catclaw c250m_ilogD2PLI_MesCClaw 17.3 21.0 
Topography txt_c250m_TpgphyFeature2 16.7 4.5 
Geomorphology txt_c250m_CC_UNRGeomorph 13.8 14.4 
Pinyon-Juniper c250m_ilogD2PinJun_Final 13.2 29.2 
Terrain Wetness Index c250m_topdix 5.6 9.5 
Landform txt_c250m_Landform_SWReGAP 4.6 3.0 
Rocky Canyon c250m_ilogD2RockyCanyons_Final 3.7 3.7 
 
The following provides a summary of variable responses in the Maxent model.   
 
Vegetation features 
 
 Mesquite-Catclaw – As in the cool season model for this species, mesquite and catclaw vegetation 
remained an important variable.  
 Pinyon-Juniper – The species showed a strong positive association with pinyon-juniper vegetation.   
 
Landforms and Other features 
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 Washes – This species continued to show a positive association with washes.   
 Topography – With a surprisingly large contribution to the model, areas defined as ‘pits’ were 
identified as an important feature.   
 Rocky Canyons – Although this variable provided little explanatory power, the positive association 
between phainopepla with this variable did contribute information to the model.  
 Geomorphology – The geomorphic features Lacustrine, Alluvial Valleys and Washes were selected 
categories within this variable.   
 Landform – Within the Landform variable several features associated mostly associated with areas of 
lower slope were identified. 
 
Summer Tanager – Habitat Suitability Model 
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Figure 8.  Habitat suitability model for the summer tanager within Clark County, Nevada.  Predicted 
values range from 0 (very low probability of species occurrence) to 1 (very high probability of species 
occurrence).  Areas in white represent null values (mask) associated with developed lands, major 
highways, and reservoirs. Occurrence localities used to generate the model are shown.  
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Observations of summer tanager within the county were limited.  For the final model, a roads mask of 50 
m was used which allowed modeling with 15 occurrence records.  The use of a smaller roads buffer also 
allowed better predictions of suitable habitat in areas where human development interfaces with riparian 
habitats.   In general, however, the limited number of occurrence localities was insufficient to develop an 
accurate habitat suitability model.  Only 4 environmental variables were selected for inclusion in this 
model, but heuristic estimates of variable contribution (Table 9) indicated that the model was driven 
predominately by Riparian Vegetation Index; in essence the model represents this variable.  Riparian 
Vegetation Index was developed to represent riparian areas including some spring and canyon riparian 
habitats well away from major waterways (e.g., rivers, reservoirs).  Additional records are necessary for 
modeling, but the areas identified as suitable in this model could be improved by a more accurate 
representation of this preferred riparian vegetation type.  
 
Table 9.  Four environmental variables included in the final Maxent model for the summer tanager, and 
estimates (from Maxent ) of relative contributions and importance of each variable to the model. 
Variable Variable Name Percent 
Contribution 
Permutation 
Importance (%) 
Riparian vegetation index c250m_ilogD2NDVIrip2_bin 91.0 96.3 
Landform txt_c250m_Landform_SWReGAP 4.7 2.3 
Major Surface Water c250m_ilogD2SurfWaterCC 4.3 1.2 
Terrain Wetness Index c250m_topdix 0.1 0.1 
 
The following provides a summary of variable responses in the Maxent model.   
 
Climatic features 
 
 None included 
 
Vegetation features 
 
 Riparian Vegetation Index – This species appears to favor riparian areas including smaller riparian 
patches associated with springs and wetted canyons.  
 
Terrain and Other features 
 
 Landform – The categorical features ‘Valley Flats’ and ‘Nearly Level Terraces and Plateaus’ showed 
minor contributions to the model.  The selection of these landforms requires further assessment.   
 Major Surface Water – This species was associated with major surface water. Although the 
relationship was weak, this variable included information not represented in the other variables and 
the model performed worse without it.   
 Terrain Wetness Index– This variable indicated a selection for areas with higher propensities to 
accumulate water, although in this variable was unimportant to this model version.  
Vermilion Flycatcher  – Habitat Suitability Model   
 
 
Figure 9.  Habitat suitability model for the vermilion flycatcher within Clark County, Nevada.  Predicted 
values range from 0 (very low probability of species occurrence) to 1 (very high probability of species 
occurrence).  Areas in white represent null values (mask) associated with developed lands, major 
highways, and reservoirs. Occurrence localities used to generate the model are shown.  
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Observations of this species within the county were limited, and for the final model, a roads mask of 50 m 
was used which allowed modeling with 15 occurrence records.  The use of a smaller roads buffer also 
allowed better predictions of suitable habitat in areas where human development interfaces with riparian 
habitats (Figure 9).  This limited number of occurrence localities was insufficient to develop accurate 
habitat models, and model assessments indicated over-fitting of the data.   
 
Six environmental features were selected for inclusion in this habitat suitability model for the vermilion 
flycatcher.  Heuristic estimates of variable contribution to the model (Table 10) indicated that 4 variables 
provided the majority of the contribution to the model.  The vermilion flycatcher is associated with two 
distinct vegetation types, riparian woodlands dominated by cottonwoods and willow and mesquite 
dominated microphyllous associations.  The two vegetation variables included in this model seem to 
capture these preferred habitat types.  A variable created to represent stands of selected areas of riparian 
trees (Select Riparian Vegetation Index) was also assessed, but it was correlated with the other vegetation 
variables and did not perform as well in preliminary models.  This species also showed a strong positive 
association with surface water.  The geomorphological and topographical variables included in the model 
relate to drainage system features where preferred vegetation and surface water would be expected.  
Minor Drainages, although understood in a biological context and informative by itself, contributed very 
little additional information over the other variables 
 
Table 10.  Six environmental variables included in the final Maxent model for the vermilion flycatcher, 
and estimates (from Maxent) of relative contributions and importance of each variable to the model. 
Variable Variable Name Percent 
Contribution 
Permutation 
Importance (%) 
Mesquite-Riparian c250m_ilogD2Drip_mesq 44.8 71.4 
Geomorphology  txt_c250m_CC_UNRGeomorph 20.8 6.4 
Major Surface Water c250m_ilogD2SurfWaterCC 13.6 0.2 
Topography  txt_c250m_TpgphyFeature2 11.8 11.9 
Vegetation Index c250m_NDVI 6.1 7.1 
Minor Drainages  c250m_ilogD2MnrStreams 2.8 2.9 
 
The following provides a summary of variable responses in the Maxent model.   
 
Climatic features 
 
 None included 
 
Vegetation features 
 
 Mesquite-Riparian – A strong association was expected between the vermilion flycatcher and 
mesquite trees, and the importance of this variable in the model reflects this association.      
 Vegetation Index – The vermilion flycatcher prefers riparian woodlands dominated by cottonwoods 
or mesquites which both have high vegetation indexes.  The importance of this variable relative to 
Mesquite-Riparian is not clear, as these two variables are similar in context.  
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Landforms and Other features 
 
 Geomorphology – Vermilion flycatchers were associated with alluvial valleys and alluvial washes.  
The strong contribution of these features likely reflects an association with surface water and the 
vegetation types preferred by this species.  
 Major Surface Water – This species was strongly associated with major surface water.  When 
modeled individually, this variable had the second strongest explanatory power.   
 Topography –This categorical variable showed a moderate contribution from a landform feature 
identified as ‘channels’.  As above, this feature likely reflects the location of preferred vegetation and 
water within drainage systems. 
 Minor Drainages – This feature actually provides a moderate level of explanatory power for the 
vermilion flycatcher observations, but much of its contribution to this model was covered by other 
variables.  
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APPENDIX 1.  Variables used in habitat suitability models by type (climate, terrain, vegetation, geomorphology-substrate, and hydrology). Variable 
names in parentheses reference associated primary file name (ASCII) and secondary file name (GRID).  
 
Variable Name (Identifier) Description 
 
Climate 
 
  
Winter days below freezing 
(c250m_CDB0_w) 
(cdb0_w) 
 
Cumulative days throughout the winter period (October – May) where the hourly minimum temperature 
was below 0 °C for six recent years, 2004 – 2009. The value at any given location was derived using 
climate station data from the National Climate Data Center with a GAM regression model (an extension 
of Generalized Linear Models using spline smoothers), for each year, against elevation, easting and 
northing. Ordinary kriging with elevation was used to model the spatial dependence of the residuals of 
the GAM models, which were re-estimated with the modeled residuals. NCDC stations reporting fewer 
than 15 days for any given month were not included. 
 
Maximum summer daily temperature 
(c250m_MaxT_s)  
(maxt_s) 
 
Maximum hourly temperature (°F) recorded during six recent years, 2004 – 2009, during the months of 
May, June and July. The value at any given location was derived using climate station data from the 
National Climate Data Center with a GAM regression model (an extension of Generalized Linear 
Models using spline smoothers), for each year, against elevation, easting and northing. Ordinary kriging 
with elevation was used to model the spatial dependence of the residuals of the GAM models, which 
were re-estimated with the modeled residuals. NCDC stations reporting fewer than 15 days for any 
given month were not included. 
 
Minimum winter daily temperature 
(c250m_MinT_w) 
(mint_w) 
 
Minimum hourly temperature (°F) recorded during six recent years, 2004 – 2009, during the months of 
October – April. The value at any given location was derived using climate station data from the 
National Climate Data Center with a GAM regression model (an extension of Generalized Linear 
Models using spline smoothers), for each year, against elevation, easting and northing. Ordinary kriging 
with elevation was used to model the spatial dependence of the residuals of the GAM models, which 
were re-estimated with the modeled residuals. NCDC stations reporting fewer than 15 days for any 
given month were not included. 
 
Cumulative winter precipitation 
(c250m_PRCP_w)  
(prcp_w) 
 
Cumulative precipitation, in 100ths of an inch, recorded during six recent years, 2004 – 2009, during the 
months of October – April. The value at any given location was derived using climate station data from 
the National Climate Data Center with a GAM regression model (an extension of Generalized Linear 
Models using spline smoothers), for each year, against elevation, easting and northing. Ordinary kriging 
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Variable Name (Identifier) Description 
with elevation was used to model spatial dependence of residuals of the GAM models, which were re-
estimated with the modeled residuals. 
 
Terrain  
  
Elevation  
(c250m_Elev)  
(elev) 
 
Elevation (in meters) 
  
Landform 
(txt_c250m_Landform_SWReGAP) 
(landform) 
Landform position as defined by the Southwest Regional Gap Analysis Project (Prior-Magee et al. 
2007). 
 
  
Rocky canyons 
(c250m_ilogD2RockyCanyons_Final) 
(d2rkycnyn) 
 
 
The Euclidean distance (inverse of the natural log) to the nearest area containing rocky canyons. Pixels 
were identified as rocky canyons in two steps: (1) Areas with potential rocky canyons were identified 
from the Preliminary Integrated Geologic Map Database for the United States (USGS OpenFile Report 
2005-1305). (2) Spatial ordination and clustering of background layers were used to reduce the areas 
identified in step 1. The layers used for clustering included remote sensing imagery (including derived 
vegetation indices), geology bedrock age, winter temperature, slope and other terrain indices. The 
resulting clusters were mapped, and clusters located in areas with known canyons were selected. The 
value of any given pixel is the inverse of the natural log of the Euclidean distance (in meters) to these 
areas 
 
Slope 
(c250m_slope)  
(slope) 
 
Terrain slope in degrees. 
 
Topographic features 
(txt_c250m_TpgphyFeature2) 
(tpgfeat) 
Morphometric characteristics of features within Clark County assessed using 2nd derivatives of 
elevation as described by Wood (1996). Features were characterized into Peaks, Ridges, Passes, Planes, 
Channels and Pits. 
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Variable Name (Identifier) Description 
Vegetation 
  
Blackbrush 
(zMaxE_CORA) 
(maxe_cora) 
Habitat suitability model (developed using Maxent; Phillips et al. 2006) for Blackbrush based on known 
localities from compiled multiple sources. Mapped values are probabilities of occurrence. These data are 
not final; USGS internal review is required prior to release.  
  
Creosote-Bursage 
(c250m_ilogD2CreoBur_Final) 
(d2creobur) 
The Euclidean distance (inverse of the natural log) to the nearest modeled vegetation community 
containing Creosote and Bursage. Pixels were identified as Creosote-Bursage vegetation communities in 
two steps: (1) Areas with potential Creosote-Bursage vegetation communities were identified from (a) 
Landfire EVT (class 2087), (b) Clark County Veg98, and (c) SWReGAP (classes 17, 57, 60, 54). (2) 
Spatial ordination and clustering of background layers were used to reduce areas identified in step 1. 
The layers used for clustering included remote sensing imagery (including derived vegetation indices), 
geology bedrock age, winter temperature and terrain indices. The resulting clusters were mapped against 
known Creosote-Bursage observations and clusters showing the highest degree of separation of 
observations were selected. The value of any given pixel is the inverse of the natural log of the 
Euclidean distance (in meters) to these areas. 
 
Joshua Tree  
(c250m_ilogD2JT_Final) 
(d2jtree) 
The Euclidean distance (inverse of the natural log) to the nearest modeled vegetation community 
containing Joshua Tree. Pixels were identified as Joshua Tree in two steps: (1) Areas with potential 
Joshua Tree communities were identified from (a) Landfire EVT (classes 2082, 2087, 2155), (b) Clark 
County Veg98, and (c) SWReGAP (class 54). (2) Spatial ordination and clustering of background layers 
were used to reduce areas identified in step 1. The layers used for clustering included remote sensing 
imagery (including derived vegetation indices), geology bedrock age, winter temperature and terrain 
indices. The resulting clusters were mapped against known Joshua Tree observations and clusters 
showing the highest degree of separation of observations were selected. The value of any given pixel is 
the inverse of the natural log of the Euclidean distance (in meters) to these areas. 
 
Mesquite-Catclaw 
(c250m_ilogD2PLI_MesCClaw) 
(d2mescclaw) 
The Euclidean distance (inverse of the natural log) to the nearest riparian Mesquite-catclaw community 
as characterized by Crampton 2006. The layer was modified slightly from that in Crampton (2006) to 
include missing Mesquite bosques within Dry Lake Valley. The value of any given pixel is the inverse 
of the natural log of the Euclidean distance (in meters) to these areas. 
 
Mesquite-Riparian 
(c250m_ilogD2Drip_mesq) 
The Euclidean distance (inverse of the natural log) to the nearest Mesquite-catclaw and selected riparian 
communities as characterized by Fletcher (2009). To create this vegetation layer, soil map unit polygons 
33 
 
Variable Name (Identifier) Description 
(d2ripmesq) were selected in ArcGIS from polygon data associated with the soil survey database that had Ecological 
Survey Descriptions dominated by the targeted vegetation species (representing > 50% of the map unit).  
Identified polygons (shapefiles) were then converted to binary grids for analysis. The layer was 
modified slightly from that in Fletcher (2009) to include missing Mesquite bosques within Dry Lake 
Valley. The value of any given pixel is the inverse of the natural log of the Euclidean distance (in 
meters) to these areas. 
 
Mojave-mixed scrub 
(c250m_ilogD2MojMixscrub) 
(d2mojmix) 
The Euclidean distance (inverse of the natural log) to the nearest Mojave mixed scrub as characterized 
by Clark County Veg 98. The value of any given pixel is the inverse of the natural log of the Euclidean 
distance (in meters) to these areas. 
 
  
Pinyon-Juniper 
(c250m_ilogD2PinJun_Final) 
(d2pinjun) 
The Euclidean distance (inverse of the natural log) to the nearest modeled vegetation community 
containing pinyon pine and juniper. Pixels were identified as pinyon-juniper in two steps: (1) Areas with 
potential pinion-juniper vegetation communities were identified from (a) Landfire EVT (classes 2082, 
2080, 2019), (b) Clark County Veg98, and (c) SWReGAP (classes 25, 37). (2) Spatial ordination and 
clustering of background layers to reduce areas identified in step 1. The layers used for clustering 
included remote sensing imagery (including derived vegetation indices), geology bedrock age, winter 
temperature and terrain indices. The resulting clusters were mapped against known Pinyon-Juniper 
observations and clusters showing the highest degree of separation of observations were selected. The 
value of any given pixel is the inverse of the natural log of Euclidean distance (in meters) to these areas. 
 
Select riparian vegetation index 
(c250m_ilogD2NDVIrip_bin) 
(d2ripveg_sel) 
The Euclidean distance (inverse of the natural log) to the nearest riparian vegetation. The definition of 
riparian vegetation used here follows thresholds selected by Hatten and Paradzick (2003) to represent 
high quality habitat for Southwest willow flycatcher (NDVI ≥ 0.413). The NDVI (Normalized 
Difference in Vegetation Index) layer is an interval-scaled layer developed from LANDSAT imagery 
(Jun 2007).  The final layer was modified by excluding forest areas not clearly associated with riparian 
vegetation and intensively managed areas (e.g. agriculture, urban areas). The value of any given pixel is 
the inverse of the natural log of the Euclidean distance (in meters) to these areas. 
 
Riparian vegetation index 
(c250m_ilogD2NDVIrip2_bin) 
(d2ripveg) 
The Euclidean distance (inverse of the natural log) to the nearest riparian vegetation. The definition of 
riparian vegetation here follows thresholds selected at NDVI ≥ 0.126 ( Hatten and Paradzick 2003). The 
NDVI (Normalized Difference in Vegetation Index) layer is an interval-scaled layer developed from 
LANDSAT imagery (Jun 2007).  The final layer was modified by excluding forest areas not clearly 
34 
 
Variable Name (Identifier) Description 
associated with riparian elevation and most urban areas. During this exclusion process, a less aggressive 
selection criterion was applied that that used for the Select Riparian Vegetation variable. The value of 
any given pixel is the inverse of the natural log of the Euclidean distance (in meters) to these areas. 
 
Saltbush  
(c250m_ilogD2sltbshPlaya) 
(d2sltbshpl) 
The Euclidean distance (inverse of the natural log) to the nearest saltbush vegetation.  Saltbush habitat 
was defined here as areas predominantly with Atriplex polycarpa and A. canescens, species shown to be 
particularly important to the Le Conte’s thrasher. This variable was derived from the soil surveys 
database and associated Ecological Site Descriptions (circa 1999, see 
http://esis.sc.egov.usda.gov/ESIS/About.aspx). To create this vegetation layer, soil map unit polygons 
were selected in ArcGIS from polygon data associated with the soil survey database that had Ecological 
Survey Descriptions dominated by targeted vegetation species (representing > 50% of the map unit).  
Identified polygons (shapefiles) were then converted to binary grids for analysis. This data was used by 
Fletcher (2009) and was modified to included areas defined as Playas in the 
txt_c250m_CC_UNRGeomorph variable. 
  
Vegetation index  
(c250m_NDVI) 
(ndvi) 
An index of vegetation, NDVI, calculated from ASTER imagery (2004) as the relative difference in the 
reflectance of near infrared and photosynthetically active radiation. NDVI has been shown to be a 
measure of greenness and photosynthetic capacity. 
  
Geomorphology and Substrate   
  
Geomorphology 
(txt_c250m_CC_UNRGeomorph) 
(geomorph) 
Surficial geologic units for Clark County as developed by University of Nevada, Reno (Project # 2005-
UNR-378).  
  
Sandy substrates 
(c250m_PredSandv02m8) 
(predsand) 
Modeled sandy substrates. Digitized training areas were used to develop a model of sandy substrates 
using GAM regression (an extension of Generalized Linear Models using spline smoothers), with 
surface roughness (ratio of surface to planar area), ASTER imagery (year = 2004), elevation, and 
geological bedrock age. The value of any given pixel is the probability of the occurrence of sandy 
substrates. 
 
Hydrology   
  
Major surface water Euclidean distance to major surface water features.  Data layers for the Virgin, Muddy and Colorado 
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Variable Name (Identifier) Description 
(c250m_ilogD2SurfWaterCC) 
(d2surfwtr) 
rivers for Clark County were obtained from the Clark County GIS Management Office (accessed 
September 2010). These were merged with Bureau of Reclamation bathymetric data for Lake Mead 
obtained from National Park Service. Additionally, GIS feature layers for Las Vegas Wash and Duck 
Creek were created by digitizing from NAIP 2009 imagery and merged. The value of any given pixel is 
the inverse of the natural log of the Euclidean distance (in meters). 
 
Minor drainages 
(c250m_ilogD2MnrStreams) 
(d2mnrstrms) 
 
Euclidean distance to a modeled of minor drainages. Minor drainages were modeled from elevation data 
using Hortonian analysis of excess overland flow. Selection thresholds for flow accumulation were 
chosen to approximate known stream systems. The value of any given pixel is the inverse of the natural 
log of the Euclidean distance (in meters). 
 
Washes  
(c250m_ilogD2PLIWashes) 
(d2washes) 
 
Euclidean distance (inverse of the natural log) to washes as identified in the USFS LANDFIRE program 
(Rollins et al. 2007) EVT (Existing Vegetation Type) class of North American Warm Desert Riparian 
System. The value of any given pixel is the inverse of the natural log of the Euclidean distance (in 
meters) to this class. 
 
Terrain Wetness Index 
(c250m_topdix) 
(topdix) 
 
An index of terrain [ln (a/tan (b))] where ‘a’ is the area of hill slope per meter that drains to a given 
point, and ‘b’ is the topographic slope. This variable is used as a wetness index due to its relationship 
with surface water flow. Higher values represent areas with greater ‘wetness’. 
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BACKGROUND 
 
The information contained herein represents a summary of the final habitat suitability model and 
associated maps for the southwestern willow flycatcher (Empidonax traillii extimus) in Clark County, 
Nevada conducted on behalf of Lake Mead National Recreation Area (LMNRA) with funding through the 
Clark County Multiple Species Habitat Conservation Plan (Contract reference: 2005-NPS-609A-P).  This 
effort was conducted under task agreement by personnel at the University of Nevada, Las Vegas in 
collaboration with Ross Haley at LMNRA resource management.  
 
The southwestern willow flycatcher (a federally endangered species since 1995) is known to breed in 
dense, moist riparian habitats within areas of southern Nevada.  Studies of the species have been 
conducted under contract by Bureau of Reclamation (BOR) along the Virgin and lower Colorado rivers 
and tributaries annually since 1996 (McLeod et al. 2008).  The breeding habitat of this species has been 
well defined regionally and is composed of areas with high, dense vegetation dominated by tall and broad 
cottonwood (Populus sp.), willow (Salix sp.), or nonnative tamarisk (Tamarix sp.).  The species habitat 
has also been correlated with diverse edge features, floodplains and moist soil (Sogge et al. 1997). 
 
The habitat suitability model described herein focuses on breeding habitat for the species within Clark 
County.  It is based on well-documented breeding locations from 2006 to 2009 (BOR sensitive species 
data - restricted) provided by Lower Colorado River Multi-Species Conservation Program, and it is 
acknowledged in this study that breeding and non-breeding habitats for the southwestern willow 
flycatcher are well studied along Virgin and lower Colorado Rivers and tributaries.  The goal of this 
modeling effort is to leverage this knowledge to predict possible undefined areas within Clark County that 
may represent favorable breeding conditions for this species.  
 
APPROACH 
 
Habitat suitability models (also known as species distribution models) were generated using a maximum 
entropy approach in Maxent (v. 3.3.3, Phillips et al. 2006).  The modeling algorithm predicts suitability 
for a species based on a set of occurrence records as a function of given environmental features (predictor 
2 
 
variables) that likely influence the geographic distribution of the species.  Maxent generates a probability 
distribution of ‘suitable habitat’ over the study area, with the predicted values ranging from 0 (very low 
probability of species occurrence) to 1 (very high probability of species occurrence).  A resolution of 30 
m was considered appropriate for modeling this species, as aspects of habitat patch size were incorporated 
into the model.  The initial occurrence data (BOR sensitive species data - restricted) included 232 
locations, but 31 were discarded because the breeding activity lacked confirmation.  To reduce spatial 
aggregation, observation records located within each 30 m cell were treated as a single observation, and 
the final model was built with a total of 100 observations. 
 
The method used to develop the habitat suitability model closely followed an approach used for the 
species developed by Hatten and Paradzick (2003).  That study analyzed riparian vegetation and 
floodplain features within different-sized neighborhood patches near Roosevelt Lake in south central 
Arizona (known habitat for the southwestern willow flycatcher).  For the current modeling effort, a 
riparian layer at 30 m resolution was developed from NDVI (Normalized Difference in Vegetation Index) 
of LANDSAT 5 imagery (June 2007) within Clark County.  NDVI is a measure of the density and 
biomass of green vegetation.  A cut point of 0.126 NDVI and above was used to define riparian area 
(Hatten and Paradzick 2003).  The resulting data layer was modified manually to exclude areas of forest 
clearly not associated with riparian vegetation, as well as agriculture and urban areas with NDVI values 
above the cut-off.  Further variable development and assessments were restricted to this broad riparian 
area.   
 
Three categories of vegetation variables were developed based on NDVI: (1) a direct measure of 
vegetation density and biomass, (2) select subset measures of vegetation density and biomass thought to 
best represent critical features of breeding habitat for the species, and (3) measures that reflect the 
heterogeneity in vegetation density and edge habitat.  These variables were developed at different spatial 
scales (Hatten and Paradzick 2003) using a linear neighborhood of 30 to 960 m (0.09 to 92.16 hectares).  
As the southwestern willow flycatcher is clearly associated with flood plains and major water bodies, 
distance to major water was also developed as a variable (see below).  Preliminary models were generated 
in a process of evaluating variable performance (i.e., while including, excluding, and trading out various 
data layers).  Final variable selection was based on the contribution and importance of each data layer to 
model performance in conjunction with the other variables included in the model. 
 
VARIABLES INCLUDED IN MODEL 
Data layer names when different are provided parenthetically.  
 
1. NDVI – A measure of density and biomass of green vegetation. 
 Anticipated Pattern:  Higher density and biomass of green vegetation are positively 
associated with quality southwestern willow flycatcher habitat. 
 Biological Relevance:  southwestern willow flycatcher breeding habitat is composed of 
vegetation dominated by tall and broad cottonwood, willow, or tamarisk, which reflect high 
NDVI values. 
 Data Type:  GIS Raster Layer 
 Data Source:  LANDSAT 5 imagery 30 meter 
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 Data Status: Thirty meter NDVI raster layer created from 30 meter LANDSAT 5 imagery 
using Erdas Imagine 2010.  The NDVI raster was clipped to 30 meter riparian cells of Clark 
County 
 Spatial Resolution: 0.09 hectare 
 
2. Best NDVI (Best3) – A measure of select vegetation that most likely reflects riparian vegetation with 
dense mid and understory structure within an area of 3.24 hectares.  
 Anticipated Pattern:  Pockets of vegetation dominated by tall and broad cottonwood, willow, 
or tamarisk within riparian areas are positively associated with quality southwestern willow 
flycatcher breeding habitat. 
 Biological Relevance:  southwestern willow flycatchers require areas of dense mid and 
understory vegetation.  
 Data Type:  GIS Raster Layer 
 Data Source:  LANDSAT 5 imagery 30 meter 
 Data Status: The grid FOCALSUM function of Environmental System Research Institute 
(ESRI) ArcGIS Develop Spatial Analysis was used to calculate the proportion of 
neighborhood covered in highly dense vegetation  by counting all neighborhood cells equal to 
NDVI greater than 0.413.    
 Spatial Resolution: 3.24 hectares (6 x 6 cells) 
 
3. NDVI Standard Deviation (std14) – A measure of the heterogeneity in vegetation density and edge 
habitat within an area of  70.56 hectare. 
 Anticipated Pattern:  Heterogeneity in vegetation density and edge habitat within breeding 
areas are positively associated with quality southwestern willow flycatcher habitat. 
 Biological Relevance:  southwestern willow flycatchers  require diversity within the riparian 
vegetation including diverse edge habitat  
 Data Type:  GIS Raster Layer 
 Data Source:  LANDSAT 5 imagery 30 meter 
 Data Status: The grid FOCALSTD function of Environmental System Research Institute 
(ESRI) ArcGIS Develop Spatial Analysis was used to calculate heterogeneity in vegetation 
density and edge habitat by calculated standard deviation of the NDVI in neighborhood cells.    
 Spatial Resolution: 70.56 hectares (28 x 28 cells)  
 
4. Distance to Water (Dist_log2) – A measure of linear natural log (loge) distance to lake or river.  
 Pattern:  Breeding habitat is positively associated with lake edges or river floodplains. 
 Biological Relevance:  southwestern willow flycatchers require moisture within the riparian 
vegetation  
 Data Type:  GIS Raster Layer 
 Data Source:  Lake Mead National Recreation Area Lakes and River (data layers)  
 Status of Data:  Distance to water thirty meter cell raster was created using ESRI Spatial 
Analysis distance - straight line to water.  Water included:  Lake Mead, Lake Mohave, 
Colorado River, Virgin River, Muddy River, and Las Vegas Wash. 
 Spatial Resolution: 30 m  
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HABITAT SUITABILITY MODEL 
 
Habitat for the southwestern willow flycatcher was identified in 5 general areas of Clark County: the 
Muddy River (Figure 1), Virgin River (Figure 2), Colorado River in the vicinity of the Iceberg Canyon 
(Figure 3), Las Vegas Wash (Figure 4), and a small patch at the upper end of Lake Mojave (Figure 5).  
Habitat conditions for the southwest willow flycatcher can be expected to vary over short periods of time, 
and the occurrence records used for modeling span 4 years.  The flood plains along the river systems and 
associated reservoirs that this species inhabits are highly variable, as are the conditions of the preferred 
riparian vegetation.  While the selection of cut-off values for habitat suitability estimates is subjective, to 
account for habitat variability, a cut-off for this model was set at a probability ≥ 0.10.  The remaining 
suitable habitat contained 92% of the occurrence records used for modeling.  The identified suitable 
habitat contained 95% of confirmed breeding locations (n = 201, after filtering).   
 
The following provides a summary of variable responses in the Maxent model.  The four variables 
included in the final model all contributed strongly (Table 1).  The most important variable to the model 
was, Select Vegetation Index, developed to best reflect riparian vegetation with dense mid and understory 
structure favored by the Southwestern willow flycatcher for breeding.  The direct measure of vegetation, 
Vegetation Index, also contributed to the model and was retained because it contained information not 
provided by the other variables as demonstrated in the permutation runs.  The second most important 
contributor to the model was the measure of vegetation heterogeneity and edge.  Distance to Water 
showed the weakest explanatory power among the variables when considered alone, but this variable was 
important to model performance. 
  
Table 1.  The four environmental variables included in the final Maxent model for the southwestern 
willow flycatcher, and estimates (from Maxent) of relative contributions and importance of each variable 
to the model. 
   
Variable Variable Name Percent 
Contribution
Permutation 
Importance (%) 
Select Vegetation  Index Best3 40.2 34.8 
Heterogeneity of Vegetation and Edge Std14 25.1 23.1 
Distance to Water Distance 18.8 28.8 
Vegetation Index NDVI 15.9 13.3 
 
 
 
 
Figure 1.  Habitat suitability model for the southwestern willow flycatcher along the Muddy River within 
Clark County, Nevada.   
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Figure 2.  Habitat suitability model for the southwestern willow flycatcher along the Virgin River within 
Clark County, Nevada.   
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Figure 3.  Habitat suitability model for the southwestern willow flycatcher along the Colorado River 
within Clark County, Nevada.   
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Figure 4.  Habitat suitability model for the southwestern willow flycatcher along the Las Vegas Wash 
within Clark County, Nevada.   
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Figure 5.  Habitat suitability model for the southwestern willow flycatcher along Lake Mohave within 
Clark County, Nevada. 
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EXECUTIVE SUMMARY  
 
 The project reported on herein was developed with goal of providing information towards 
assessing the status of six ‘covered’ and ‘three’ evaluation bird species within Clark County, 
specifically:  Bell’s vireo, Bendire’s thrasher, blue grosbeak, gray vireo, Le Conte’s thrasher, 
phainopepla, southwestern willow flycatcher, summer tanager, and vermilion flycatcher.  
This project had two main elements, which are reported on below in two main sections. 
 Section I focused on intensive area surveys aimed at habitats thought to be occupied by the 
targeted species, and 8 intensive area searches were conducted over two seasons.  The 
successful monitoring and habitat measurements at these sites supported regional efforts to 
assess the status of bird species throughout Clark County and Nevada, and were conducted as 
a component of the Nevada Bird Count.   
 Section II focused on targeted surveys and assessments of historical locations for these 
species within Clark County.  Historical records for each species were compiled from 
multiple sources and georeferenced.  Field surveys were used to assess species presence at 
154 of these locations, and to assess site condition in relationship to human disturbance.   
 General trends in habitat loss for species resulting from urbanization were estimated from the 
loss of plant communities in relationship to urban footprint layers for 1985, 1994 and 2006. 
 In general, there was insufficient historical data for most of the bird species to draw strong 
conclusions on the impact of urban development, but trends associated with the data are 
described for each species.    
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INTRODUCTION 
 
Bird species that are rare, or cryptic, often present challenges for conservation assessment 
and planning.  Low densities, cryptic behavior, and temporal variation in habitat occupancy 
make these species difficult to detect.  This in turn tends to confound efforts to understand 
regional habitat selection and distribution, as well as assessment of population trends.  Most of 
the bird species listed as ‘covered’ and ‘evaluation’ under the Clark County Multiple Species 
Habitat Conservation Plan (MSHCP; Clark County 2000) are rare or cryptic in nature.  Some of 
these species may simply be locally rare because they reach their northern limits for 
environmental features within the region of the county.  Some, however, rely on distinct habitats 
such as lowland riparian and mesquite-acacia which are not only locally limited, but have also 
decreased in quality and size because of human activities. 
When this project was proposed, regional land managers indicated that there was 
insufficient information to adequately assess historic and current distributions for most of the 
bird species targeted by this project.  At that time, the MSHCP science advisors (Clark County 
2004) reiterated these limitations recommending that a high priority should be placed on filling 
in the knowledge gaps required to assess the status of the covered species.  The project reported 
on herein was developed in direct response to that recommendation with the goal of providing 
information towards assessing the status of six covered and three evaluation bird species within 
Clark County, specifically: Bell’s vireo (Vireo bellii), Bendire’s thrasher (Toxostoma bendirei), 
blue grosbeak (Passerina caerulea), gray vireo (V. vicinior), Le Conte’s thrasher (T. lecontei), 
phainopepla (Phainopepla nitens), southwestern willow flycatcher (Empidonax traillii extimus), 
summer tanager (Piranga rubra), and vermilion flycatcher (Pyrocephalus rubinus).  In general, 
these are passerine birds that are bound to breeding territories during spring or early summer. 
Through a process of consultation with MSHCP managers and scientific advisors, this 
project was developed to consist of two main elements, which are reported on below in two main 
sections.  The first section focuses on intensive area surveys aimed at habitats thought to be 
occupied by the targeted species and were conducted in support of regional and statewide 
monitoring efforts.  The second section focuses on targeted inventories and assessments of 
historical locations for these species within Clark County.  Associated efforts to develop 
conceptual and habitat suitability models for these species are covered under a separate project 
(2005-NPS-609A-P, Conceptual and Habitat Models for Six Covered and Three Evaluation Bird 
Species) and are reported on separately.  The information in this document, along with associated 
data delivered to Clark County, represent the final report for work performed under the project 
titled, Historical and Current Assessment of Six Covered and Three Evaluation Bird Species.    
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SECTION I – INTENSIVE AREA SEARCHES  
 
Background 
 
 The intensive area searches conducted under this project were intended to support and 
advance regional efforts to monitor and assess the status of bird species throughout Clark County 
and Nevada.  These searches were specifically designed as a component of the Nevada Bird 
Count, coordinated by the Great Basin Bird Observatory (GBBO), in response to a statewide 
initiative by Nevada Partners in Flight to implement an ‘all bird’ monitoring program (Neel 
1999).  The approach and protocols implemented were adopted from those used by the GBBO 
(2005), and the data primarily intended for analysis in the larger Nevada Bird Count program.  
The primary purpose of the intensive area searches was to provide an ‘unbiased’ density 
estimate that can be used to generate correction factors for estimates obtained over larger areas 
using more rapid survey approaches, such as point counts (Bart and Earnst 2002).  In essence, 
the intensive areas searches provide detailed species-specific data on the numbers of breeding 
birds within a particular area and habitat type.  More rapid survey approaches (i.e. point counts) 
can then be conducted within the same areas during the same times.  The expectation is that the 
rapid survey will sample fewer birds, because some birds will be concealed on nests or foraging 
outside of the sampling range during the survey, and because rapid surveys can be expected to 
result in biased estimates for more cryptic birds with low detectability.  The difference in 
observations between the intensive and rapid approaches for each species can be used to 
calculate habitat-specific correction factors for rapid surveys (Bart and Earnst 2002).  A second 
use for the intensive area searches of interest to the NPS was to provide the potential for 
independent, long-term monitoring of breeding birds at high-priority sites.  Repeated surveys can 
be used to assess changes in breeding bird numbers at important sites through time and in 
response to site-specific habitat changes.  Two of the sites monitored during this project have 
been similarly monitored in the recent past (see below).  
 
Objective – This project was intended to intensively monitor four sites annually during the 2008 
and 2009 breeding seasons.  The aim was to allocate the intensive area searches among habitat 
types (vegetation communities) expected to maximize the potential for detecting the targeted bird 
species indentified for this project.  
 
Methods 
 
Intensive area searches – Field protocols were described in a project-specific Field Protocol 
document previously (2008) submitted to Clark County.  In general, methods for this portion of 
the project were consistent with protocols established for intensive area searches associated with 
the Nevada Bird Count program (GBBO 2005, 2009).  The intensive area plots varied in size 
depending on terrain and habitat, but were designed to be surveyed during a single morning (in 
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this project, plots ranged from 12 to 41 ha).  These plots were set up in roughly rectangular grids 
with flags placed every 50 to 100 m.   
 Maps were used during searches to plot and record bird observations.  These maps, 
created with the use of a Geographic Information System (v9.2, ESRI Inc. Redlands, California), 
included aerial images of the plots (NAIP imagery, U.S.D.A. Farm Service Agency 2006), UTM 
grids, and denotations of boundaries and flagging.  Field searches began early in the morning 
with the surveyor starting from one corner of the plot and progressing systematically through the 
plot recording all birds present and marking locations on the map.  Map information was later 
transferred into a geospatial database following quality assurance protocols established in a Data 
Management Plan previously (2007) submitted to Clark County.  Partial territories near plot 
boundaries required efforts outside the plot to provide an estimate of how much of a territory was 
within the boundary. 
In order to adequately determine breeding birds and breeding territories, plots were 
surveyed once a week for 8-10 weeks.  The objective was for the surveyor to be confident that all 
evidence of nesting had been documented.  Searches were conducted between early April and the 
end of June at most locations with the exception of surveys at a salt desert scrub plot, which 
targeted Le Conte’s thrashers.  This species is a permanent resident and breeds early regionally, 
and surveys at this site began in early March.  
After field surveys were completed, species territories overlapping each plot were 
estimated by the field surveyor following a protocol established by the GBBO.  Territories were 
delineated by confirmation of active nest, nestlings, or dependent young, with boundaries beyond 
nest sites clarified by territorial behavior or by the locations of the most tightly clustered 90% of 
the observations of attending adults.  In the absence of direct breeding evidence, territory 
boundaries were determined by at least 3 (when sites were visited 8 times) or 4 detections (when 
sites were visited 9 or more times) of an adult bird in an area on separate visits.  In order to avoid 
including migrant or transient birds, detections had to be at least 10 days apart.   
 
Recording of habitat features at monitoring sites – As part of the intensive area search approach, 
habitat features were recorded at 3 to 6 points within each plot (number of points surveyed varied 
based on plot size) following a detailed protocol (GBBO 2008).  The following habitat features 
were measured (at each point): (1) a photograph of the general conditions; (2) categorical 
variables addressing landscape characteristics and habitat threats; (3) cover and foliage height 
diversity measured using a point-intercept method; (4) tree density and size; and (5) a summary 
of vegetation within the plot.  Vegetation measurements were made along four 30 m line/belt 
transects offset randomly from the center point by 5-60 m and established at 90o angles from one 
another with an initial random transect direction.   
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Results  
 
As the primary goal of this effort was to assist with regional bird monitoring, analyses were 
limited to summaries of bird observations and to estimates of the number and spatial pattern of 
territories on each plot.  Analyses that incorporate the observation and habitat data for   
determining correction factors for point count surveys are the responsibility of GBBO personnel 
under a separate project and are reported elsewhere.   
   
2008 Field Season – In 2008, four intensive area plots were surveyed (Table 1-1, Figure 1-1).  
Two of the plots were spring sites (Sacatone and Rogers springs) located within Lake Mead 
National Recreation Area (LMNRA). Sacatone Spring in the Newberry Mountains at 
approximately 670 m consisted of 12 ha in a mountainous riparian wash.  Following a habitat 
restoration project in 1992, many native plant species have become established within the plot, 
including cottonwoods (Populus fremontii), willows (Salix sp.), and mesquite (Prosopis sp.) 
trees.  This riparian wash is heavily used by upland birds, and 1357 observations of 39 species 
were recorded during the current monitoring effort, including observations of the targeted 
species, Bell’s vireo and phainopepla.  A total of 39 territories of 17 different species were 
documented to overlap the plot (Table 1-2, Figure 1-2).   
 Rogers Spring was at a lower elevation (approximately 410 m) and was located at the 
edge of the Muddy Mountains along the north shore of Lake Mead.  This 15 ha plot was 
established approximately 1.5 km from the springhead.  Vegetation was dominated by 
arrowweed (Pluchea sericea), common reed (Phragmites sp.), seepweed (Suaeda moquinnii), 
and catclaw (Acacia gregii).  The total number of bird observations was much lower at Rogers 
Spring than at Sacatone Spring, but still 37 bird species were counted.  Only 17 territories of 9 
different species were documented to overlap the plot (Table 1-3).  Bell’s vireo and phainopepla 
were also seen at this site. 
  The other two plots were established on Bureau of Land Management (BLM) land, with 
one plot located in a pinion-juniper woodland and the other plot located in salt desert scrub 
habitat.  The pinion-juniper plot (‘South McCullough Mountains’) consisted of 15 ha along a 
lower ridge of the McCullough Mountains at an elevation of 1540 m.  The plot contained an 
upland wash running through its middle.  The vegetation community, in addition to pinion (Pinus 
monophylla) and juniper (Juniperus sp.), was dominated by Joshua tree (Yucca brevifolia), 
Apache plume (Fallugia paradoxa), and desert almond (Prunus fasiculatum).  During surveys a 
total of 717 bird observations of 38 different species were recorded, which included observations 
of the gray vireo, a targeted species for this project.  Twenty-five territories of 12 different 
species were recorded on this plot (Table 1-4).  
 The salt desert scrub plot (‘North Las Vegas Valley’) was established at an elevation of 
885 m in North Las Vegas Valley just outside Corn Creek and the boundary of the Desert 
National Wildlife Refuge.  This 41 ha plot was dominated by cattle and four-wing saltbush 
(Atriplex polycarpa and A. canescens) with a creosote bush (Larrea tridentata) component.  The 
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salt desert scrub plot had the fewest bird observations, territories, and species (Table 1-5), but Le 
Conte’s thrasher occurred at high densities in the area and 5 territories of this targeted species 
were documented on the plot.  
 
2009 Field Season – In 2009, the salt desert scrub plot was surveyed again, along with three 
other plots (Table 1-1).  This plot was resurveyed in order to gain better information on Le 
Conte’s thrashers.  Again, among all the plots, this site had the fewest number of bird 
observations, territories, and species, but during this season three breeding territories of the Le 
Conte’s thrasher were documented to overlap the plot (Table 1-5).    
 A spring site in the Newberry Mountains on LMNRA was also surveyed, this time at 
Lower Grapevine Spring, a site not far from Sacatone Spring.  Lower Grapevine Spring 
consisted of 18.3 ha along a drainage that had also undergone tamarisk removal treatment as part 
of a habitat restoration project in 2006.  Prior to the habitat treatment, this site was surveyed for 
birds as part of an intensive area monitoring effort with a major effort in 2004 (see below).  
During the current survey, much of the native vegetation planted in 2006 had not yet become 
well established, and the plot was dominated by dead tamarisk stems burned during the 
restoration effort.  A portion of the plot was located in an area that was not part of the restoration 
project, and this area was dominated by desert willow (Chilopsis linearis).  Even with the large 
portion of altered habitat, the plot overlapped 30 territories from 10 different species.  Two of the 
targeted species, Le Conte’s thrasher and phainopepla, were observed at the site (Table 1-6).  
The two other plots were setup in a catclaw wash and in Mojave mixed scrub on BLM 
lands. The Mojave mixed scrub plot (‘Knob Hill’) was located in the Eldorado Mountains at an 
elevation of 1220 m.  Vegetation at this site consisted predominately of creosote bush and 
bursage (Ambrosia dumosa) with components of Mojave yucca (Y. schidigera) and cholla 
(Opuntia sp.) (Table 1-1).  Thirty different species, including phainopepla, were using this 17 ha 
plot, which was the highest species diversity recorded among the plots assessed.  A total of 27 
territories representing 15 different species were recorded to overlap this plot (Table 1-7).  
The catclaw wash plot (‘West of Cottonwood Cove’) was located 14.5 km west from the 
Cottonwood Cove Marina at an elevation of approximately 900 m.  Vegetation at this 25.5 ha 
plot consisted mostly of catclaw with a substantial components of buckhorn cholla (O. 
acanthocarpa), Mojave yucca, and creosote bush.  A total of 1520 bird observations were 
recorded at this site, along with 26 territories of 12 species, including 3 territories of the 
phainopepla (Table 1-8).  
 
Discussion 
 
As part of the NPS effort to monitor high-priority sites (a secondary objective), three of the 
intensive monitoring plots were targeted on spring sites within LMNRA – Rogers, Sacatone, and 
Grapevine springs.  All these plots have experienced tamarisk removal activity conducted by the 
NPS over time, and Sacatone and Grapevine springs plots were at sites on which extensive 
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restoration efforts had been focused.  Habitat restoration at Sacatone Spring began in 1992 and 
the plot now has well established native riparian vegetation and young trees.  The plot was 
intensively monitored for birds in 2004 as part of a previous project (Fletcher and Barnes 2005).  
An analysis of habitat development and bird use at this site is outside the scope of this project, 
and such assessments can be greatly impacted by weather patterns associated with the sampling 
periods.  Nevertheless, in 2004 there were 18 bird territories of 16 species noted to overlap the 
site, including a phainopepla territory, and in the recent survey, 39 territories of 17 species were 
documented, including phainopepla and Bell’s vireo (Table 1-2). 
Grapevine Spring underwent tamarisk removal treatment as part of a habitat restoration 
project in 2006 and tamarisk at the site was burned and treated with herbicide at that time.  
Native riparian vegetation at the site has not yet become well established.  In 2004, prior to 
restoration treatment, the site was intensively monitored for birds and at that time there were 19 
territories of 15 species at the plot including 2 phainopepla territories (Fetcher and Barnes 2005). 
Although the site under current conditions has territories of only 10 species, none of which were 
of the targeted species, a total of 30 individual territories were noted to overlap the plot (Table 1-
6).  Interestingly, a Le Conte’s thrasher was observed on the site at a flat area containing cholla 
on the edge of the plot. 
The intensive area searches were conducted in habitats thought to be occupied by the 
targeted species (main objective; Table 1-1), and on each site at least one of the targeted species 
was observed.  Observations consisted mainly of the phainopepla which was observed at five of 
the plots including the Mojave mixed scrub, catclaw and all three spring sites.  At the catclaw 
plot, three breeding territories of this species were documented.  
The Le Conte’s thrasher was the second most encountered of the targeted species, and it 
was observed at plots on the salt desert scrub site and at lower Grapevine Spring (a lower 
elevation spring site).  A total of 8 Le Conte’s thrasher territories were documented to overlap 
the salt desert scrub plot over the two years that the site was monitored.  The density of Le 
Conte’s thrashers that overlap this plot is comparable to the highest densities recorded for this 
rare species (Sheppard 1973).  Apparently, the cattle saltbush growing in the flats to the east of 
Corn Creek represents an important breeding habitat for this species within Clark County.   
Of the other two species observed during surveys, the Bell’s vireo was recorded at 
Sacatone and Rogers springs, but not at Grapevine Spring which appears to not yet have 
developed sufficient riparian structure to attract these birds following the recent restoration 
efforts.  The gray vireo was observed on the pinion-juniper site, which was established to target 
this species, although it was not documented to breed within the plot.   
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Figure 1-1. Map showing intensive area plots surveyed in Clark County during the 2008 and 
2009 field seasons.  The plot in North Las Vegas Valley targeted salt desert scrub, Knob Hill 
targeted Mojave mixed scrub, McCullough Mountains targeted pinion-juniper, and West of 
Cottonwood Cove targeted catclaw vegetation. The other three sites targeted riparian vegetation 
around springs.    
 
8 of 53 
 
 
 
Figure 1-2.  An example map showing total observations and territories of Bell’s vireo (yellow 
polygon) and phainopepla (red polygons) at the Sacatone Spring in 2008.      
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Table 1-1.  Locations of intensive area plots along with land manager (BLM or LMNRA), habitat type, and the targeted bird species 
expected at each plot.  Reference locations (UTM, NAD 83) are of the northwest corner.  The species names are abbreviated as 
follows: Bell’s vireo (BEVI), Bendire’s thrasher (BETH), blue grosbeak (BLGR), gray vireo (GRVI), Le Conte’s thrasher (LCTH), 
phainopepla (PHAI), southwestern willow flycatcher (WIFL), summer tanager (SUTA), and vermilion flycatcher (VEFL).  
 
Location Targeted Species Habitat Type Year  (No. of Surveys) 
Sacatone Spring, Newberry Mountains, 
LMNRA (711591N, 3902466E) 
PHAI, BLGR, BEVI  
Possible: SUTA, VEFL, WIFL 
Upland Spring Riparian 2008 (9 surveys)  
    
Grapevine Spring, New Berry Mountains, 
LMNRA (711300N, 3900850E)   
PHAI, BLGR, BEVI 
Possible: SUTA, VEFL, WIFL 
Upland Spring Riparian  2009 (9 surveys) 
    
North Las Vegas Valley, east of boundary 
Corn Creek, Desert Wildlife Refuge, 
BLM (643198N, 4034053E) 
LCTH Salt Desert Scrub 2008 (8 surveys) 
2009 (9 surveys) 
    
Wee Thump Wilderness, South 
McCullough Mountains, BLM (668630N, 
3938539E) 
GRVI,  BETH  Pinion/Juniper Woodland 2008 (9 surveys) 
    
Roger Spring, LMNRA (730300N, 
4027365E) 
PHAI, BLGR, BEVI 
Possible: SUTA, VEFL, WIFL 
Mesquite/Acacia 
Woodland 
2008 (9 surveys)  
    
West of Cottonwood Cove, BLM 
(694450N, 3927799E) 
PHAI, LCTH, BETH  
Possible: VEFL, WIFL   
Mesquite/Acacia 
Woodland 
2009 (10 surveys) 
 
Knob Hill, Eldorado Mountains, BLM  
(692300N, 3952400E) 
 
PHAI, LCTH, & BETH 
 
Mojave Mixed Scrub 
 
 
2009 (9 surveys) 
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Table 1-2. Number of observations, territories overlapping plot, and territory equivalents 
by species on the Sacatone Spring plot in 2008.  
 
Species No. of Observations
No. of 
Territories
Territory Equivalents 
in Plot 
With Territories  
 Gambel's quail 403 5 4.5 
 Cactus wren 41 4 2.3 
 Black-tailed gnatcatcher 80 3 2.3 
 Black-throated sparrow 61 3 3 
 Costa's hummingbird 26 3 3 
 Mourning dove 107 3 3 
 Phainopepla 106 3 2.8 
 Verdin 64 3 2.7 
 Ash-throated flycatcher 54 2 2 
 House finch 138 2 2 
 Lucy's warbler 31 2 1.6 
 Abert's towhee 24 1 1 
 Bell's vireo 16 1 1 
 Crissal thrasher 9 1 1 
 Empidonax unidentified 10 1 1 
 Lesser goldfinch 12 1 1 
 Northern mockingbird 19 1 1 
Others Observed    
 American kestrel 1 0 0 
 Black-headed grosbeak 2 0 0 
 Black-throated gray warbler 1 0 0 
 Brewer's sparrow 4 0 0 
 Brown-headed cowbird 22 0 0 
 Common raven 2 0 0 
 Grey flycatcher 12 0 0 
 Ladder-backed woodpecker 2 0 0 
 Loggerhead shrike 8 0 0 
 MacGillivray's warbler 5 0 0 
 Orange-crowned warbler 7 0 0 
 Rock wren 1 0 0 
 Sharp-shinned hawk 2 0 0 
 Spotted towhee 1 0 0 
 Turkey vulture 19 0 0 
 Unidentified bird 21 0 0 
 Western kingbird 4 0 0 
 Western wood pee-wee 3 0 0 
 White-throated swift 8 0 0 
 White-winged dove 12 0 0 
 Wilson's warbler 11 0 0 
 Yellow warbler 5 0 0 
 Yellow-rumped warbler 3 0 0 
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Table 1-3. Number of observations, territories overlapping plot, and territory equivalents by 
species on the Rogers Spring plot in 2008.  
 
Species No. of 
Observations 
No. of 
Territories 
Territory Equivalents 
in Plot 
With Territories    
 Horned lark 55 4 3.3 
 Lucy's warbler 58 4 4 
 Common yellowthroat 26 2 2 
 Say's phoebe 23 2 1.2 
 Verdin 41 2 2 
 Ash-throated flycatcher 12 1 1 
 Bell's vireo 5 1 1 
 Mourning dove 23 1 1 
Others Observed    
 American white pelican 40 0 0 
 Black-tailed gnatcatcher 2 0 0 
 Black-throated sparrow 6 0 0 
 Brewer's sparrow 2 0 0 
 Brown-headed cowbird 1 0 0 
 Bullock's oriole 8 0 0 
 Common raven 1 0 0 
 Crissal thrasher 4 0 0 
 Gambel's quail 5 0 0 
 Grey flycatcher 1 0 0 
 House finch 22 0 0 
 Loggerhead shrike 1 0 0 
 Marsh wren 4 0 0 
 Northern mockingbird 3 0 0 
 Northern rough-winged swallow 36 0 0 
 Osprey 1 0 0 
 Phainopepla 1 0 0 
 Red-tailed hawk 1 0 0 
 Sharp-shinned hawk 1 0 0 
 Turkey vulture 9 0 0 
 Unidentified bird 36 0 0 
 Warbling vireo 1 0 0 
 Western bluebird 1 0 0 
 Western wood pee-wee 1 0 0 
 White-crowned sparrow 16 0 0 
 White-throated swift 12 0 0 
 Wilson's warbler 8 0 0 
 Yellow warbler 10 0 0 
 Yellow-breasted chat 2 0 0 
 Yellow-rumped warbler 1 0 0 
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Table 1-4. Number of observations, territories overlapping plot, and territory equivalents by 
species on the Southern McCullough Mountains plot (pinion-juniper) in 2008. 
 
Species No. of 
Observations 
No. of 
Territories 
Territory Equivalents 
in Plot 
With Territories    
 Black-throated sparrow 120 5 4.3 
 Cactus wren 29 3 1.5 
 Juniper titmouse 31 3 2.9 
 Scott's oriole 37 3 2.2 
 Ash-throated flycatcher 30 2 2 
 Bewick's wren 27 2 2 
 Bushtit 108 2 2 
 Blue-gray gnatcatcher 30 1 1 
 Crissal thrasher 18 1 1 
 Ladder-backed woodpecker 20 1 1 
 Mourning dove 52 1 0.8 
 Western scrub jay 31 1 0.9 
Others Observed    
 Black-tailed gnatcatcher 1 0 0 
 Black-throated gray warbler 2 0 0 
 Brewer's sparrow 26 0 0 
 Bullock's oriole 2 0 0 
 Clark's nutcracker 2 0 0 
 Common poorwill 1 0 0 
 Common raven 3 0 0 
 Gambel's quail 8 0 0 
 Gray vireo 2 0 0 
 Green-tailed towhee 1 0 0 
 Grey flycatcher 15 0 0 
 House finch 25 0 0 
 Loggerhead shrike 5 0 0 
 MacGillivray's warbler 1 0 0 
 Northern mockingbird 2 0 0 
 Plumbeous vireo 1 0 0 
 Red-tailed hawk 5 0 0 
 Ruby-crowned kinglet 3 0 0 
 Say's phoebe 3 0 0 
 Towsend's solitaire 1 0 0 
 Towsend's warbler 2 0 0 
 Turkey vulture 5 0 0 
 Unidentified bird 41 0 0 
 Western wood pee-wee 3 0 0 
 White-crowned sparrow 6 0 0 
 White-throated swift 6 0 0 
 Wilson's warbler 12 0 0 
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Table 1-5. Number of observations, territories overlapping plot, and territory equivalents by 
species on North Las Vegas Valley plot (salt desert scrub) in 2008 and 2009. 
 
Species No. of 
Observations 
No. of 
Territories 
Territory Equivalents 
in Plot 
With Territories in 2008    
 Le Conte's thrasher 44 5 3.75 
 Sage sparrow 90 2 2 
 Horned lark 21 1 1 
 Lesser nighthhawk 1 1 1 
 Mourning dove 12 1 1 
Others Observed in 2008    
 Barn swallow 5 0 0 
 Black-headed grosbeak 2 0 0 
 Blue-gray gnatcatcher 3 0 0 
 Brewer's sparrow 25 0 0 
 Cliff swallow 12 0 0 
 Common raven 10 0 0 
 Northern Harrier 1 0 0 
 Red-tailed hawk 1 0 0 
 Say's phoebe 5 0 0 
 Unidentified bird 13 0 0 
 Violet green swallow 2 0 0 
 White-throated swift 1 0 0 
 Yellow warbler 1 0 0 
With Territories in 2009    
 Sage sparrow 86 5 3.5 
 Le Conte's thrasher 32 3 2.7 
Others Observed in 2009    
 Ash-throated flycatcher 1 0 0 
 Black-throated sparrow 44 0 0 
 Blue-gray gnatcatcher 1 0 0 
 Brewer's sparrow 25 0 0 
 Brown-headed cowbird 1 0 0 
 Common nighthawk 2 0 0 
 Common raven 1 0 0 
 Gambel's quail 1 0 0 
 Gray flycatcher 1 0 0 
 Horned lark 5 0 0 
 House finch 40 0 0 
 Loggerhead shrike 1 0 0 
 Mourning dove 16 0 0 
 Say's phoebe 3 0 0 
 Unidentified bird 4 0 0 
 White-throated swift 6 0 0 
 Yellow warbler 1 0 0 
 
Table 1-6. Number of observations, territories overlapping plot, and territory equivalents by 
species on the Grapevine Spring plot in 2009. 
 
Species No. of 
Observations 
No. of 
Territories 
Territory Equivalents 
in Plot 
With Territories    
 Mourning dove 185 6 6 
 Anna's hummingbird 39 4 4 
 Gambel's quail 275 4 4 
 Ash-throated flycatcher 63 3 2.9 
 Black-tailed gnatcatcher 65 3 2.8 
 Black-throated sparrow 170 3 2.3 
 Verdin 41 3 2.9 
 Cactus wren 81 2 1.4 
 Brown-headed cowbird 11 1 1 
 Loggerhead shrike 40 1 0.8 
Others Observed    
 Brewer's sparrow 2 0 0 
 Bullock's oriole 3 0 0 
 Chipping sparrow 1 0 0 
 Common raven 2 0 0 
 Costa's hummingbird 4 0 0 
 House finch 87 0 0 
 Ladder-backed woodpecker 1 0 0 
 Le Conte's thrasher 4 0 0 
 Northern mockingbird 4 0 0 
 Phainopepla 3 0 0 
 Red-tailed hawk 1 0 0 
 Rock wren 1 0 0 
 Scott's oriole 1 0 0 
 Turkey vulture 14 0 0 
 Unidentified hummingbird 1 0 0 
 Western kingbird 1 0 0 
 Western tanager 2 0 0 
 Western wood pee-wee 1 0 0 
 Wilson's warbler 3 0 0 
 Yellow warbler 1 0 0 
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Table 1-7. Number of observations, territories overlapping plot, and territory equivalents by 
species on Knob Hill plot in the Eldorado Mountains (Mojave mixed scrub) in 2009. 
   
Species No. of 
Observations 
No. of 
Territories 
Territory Equivalents 
in Plot 
With Territories    
 Black-throated Sparrow 202 4 3.8 
 Ash-throated Flycatcher 103 3 2.9 
 Mourning Dove 83 3 2.7 
 Cactus Wren 45 2 1.8 
 Gambel's Quail  71 2 1.4 
 House Finch 114 2 2 
 Loggerhead Shrike 65 2 1.9 
 Verdin 49 2 1.9 
 Anna's Hummingbird 12 1 1 
 Black-tailed Gnatcatcher 21 1 1 
 Ladder-backed Woodpecker 40 1 0.8 
 Red-tailed Hawk 16 1 1 
 Rock Wren 12 1 1 
 Scott's Oriole 8 1 1 
 Western Kingbird 18 1 1 
Others Observed    
 Black-headed Grosbeak 1 0 0 
 Bullock's Oriole 1 0 0 
 Gray Flycatcher 10 0 0 
 Green-tailed Towhee 5 0 0 
 MacGillivray's Warbler 2 0 0 
 Northern Mockingbird 13 0 0 
 Phainopepla 7 0 0 
 Sage Sparrow 4 0 0 
 Say's Phoebe 9 0 0 
 Townsend's Warbler 1 0 0 
 Turkey Vulture 2 0 0 
 Unidentified Hummingbird 4 0 0 
 Western Bluebird 1 0 0 
 Western Wood Pee-wee 7 0 0 
 White-crowned Sparrow 3 0 0 
 White-throated Swift 3 0 0 
 Wilson's Warbler 8 0 0 
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Table 1-8. Number of observations, territories overlapping plot, and territory equivalents by 
species on West of Cottonwood plot (catclaw wash habitat) in 2009. 
 
Species No. of 
Observations 
No. of 
Territories 
Territory Equivalents 
in Plot 
With Territories    
 Ash-throated flycatcher 88 3 2.9 
 Black-tailed gnatcatcher 51 3 2.6 
 Black-throated sparrow 279 3 2.8 
 Mourning dove 222 3 2.5 
 Cactus wren 65 2 1.9 
 Gambel's quail 474 2 1.5 
 Loggerhead shrike 37 2 1.9 
 Northern mockingbird 18 2 2 
 Phainopepla 61 2 2 
 Verdin 55 2 2 
 Brown-headed cowbird 33 1 1 
 Ladder-backed woodpecker 7 1 0.9 
Others Observed    
 Anna's hummingbird 1 0 0 
 Brewer's sparrow 16 0 0 
 Bullock's oriole 2 0 0 
 Common raven 6 0 0 
 Gray flycatcher 9 0 0 
 Great-tailed grackle 1 0 0 
 House finch 68 0 0 
 Prairie falcon 1 0 0 
 Red-tailed hawk 2 0 0 
 Rock wren 1 0 0 
 Say's phoebe 5 0 0 
 Turkey vulture 6 0 0 
 Unidentified Buteo 1 0 0 
 Western kingbird 4 0 0 
 Western wood pee-wee 1 0 0 
 Wilson's warbler 6 0 0 
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SECTION II – HISTORICAL ASSESSMENTS 
 
Background 
 
A common approach to assessing change in distributions of wild populations in response to 
human encroachment is to assess current presence of a species at sites of historical observations 
and to relate these new observations to current habitat conditions at the sites.  In general, 
however, such assessments are mostly hampered by a relative scarcity of historical data (for a 
local example see Bradford et al. 2003).  For assessments of bird species, such approaches are 
also hampered by records that can represent transient birds observed in non-typical habitat, or 
observations of birds attracted to generally unsuitable (sink) habitats at urban and suburban 
margins due to the presence of particularly attractive features such as trees, surface water, and 
feeders.  Regardless of these limitations, a review of historical data and assessments of 
conditions of the historical sites can be useful for evaluating potential habitat loss for important 
species.  
The project described in this section focused on compiling and assessing the usefulness 
of historical records for nine targeted bird species (identified in Section I), and conducting 
targeted surveys at historical locations to determine presence and assess habitat features.  Further 
effort focused on an attempt to evaluate the loss of potential habitat caused by recent urban 
development within Clark County.  The original intent was to use the year 1985 as a cutoff date 
for historical observations, but following preliminary assessments that showed limited historical 
records and negotiations with Clark County project managers, the cutoff was shifted to 1994, the 
year when the population of Clark County reached approximately 1 million.  
 
Objectives – The objectives of this portion of the project were to: (1) gather and review available 
observations on historical (prior to 1994) locations of nine targeted bird species from published 
literature, museum specimens, and data archives; (2) conduct targeted surveys for each species at 
historical locations; and (3) identify possible changes in suitable habitat for each species within 
Clark County. 
 
Methods 
 
Compilation and georeferencing of historical observation records – Prior to compiling historical 
records of the nine targeted bird species, the taxonomic history of each species was first 
reviewed using the integrated taxonomic information system (ITIS; retrieved June 17, 2008; 
http://www.itis.gov).  ITIS allowed a quick search of all common and scientific names (including 
subspecies) associated with each species.  The only relevant information from this search was a 
change in the genus for the blue grosbeak from Guiraca to Passerina.   
Historical records of the target species within Clark County were compiled from 3 major 
sources: 44 electronic databases available through the web portal Ebird (retrieved November 25, 
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2008; http://ebird.org) and ORNIS (retrieved June 21, 2008; http://ornisnet.org); requested 
datasets from 11 different agencies; and observations reported in 26 publications found during 
literature review (a summary of this search effort was provided to the County in database form).  
Most of the historic records obtained required georeferencing (Hill 2006) because records were 
referenced only by location descriptions and lacked spatial coordinates.  The program 
Biogeomancer (http://biogeomancer.org) was used to estimate geographical coordinates 
associated with location descriptions, as well as estimates of uncertainty buffering the locations. 
This program follows a specific protocol, and some descriptive information could not be 
inputted.  For example, for a description of a location “12 miles east of Searchlight near the 
river”, the program could not make use of the information “near the river” which then resulted in 
a rather large error associated with the location.  In these cases, appropriate (although subjective) 
replacement estimates were made of coordinates and errors.  Georeferenced records with error 
estimates > 6 km in radius were not considered accurate enough for surveying.  Many of these 
discarded locations, however, overlapped the error margins of other accepted records.  In other 
instances, closely situated records where errors margins substantially overlapped were treated as 
a single location during surveys (for an example see Figure 2-1). 
 
Field surveys at historical locations – Field protocols were described in detail in a project-
specific Field Protocol document previously (2009) submitted to Clark County.  In general, 
surveys at historical observation sites were targeted in areas within 1 km of the georeferenced 
location, and searches focused on the most suitable habitat for the targeted species in the area.  If 
suitable habitat did not exist in the targeted area, the next most appropriate habitat within the 
error buffer was searched.  The time spent at each historical location varied depending on the 
patch size of suitable habitat, as well as habitat and terrain conditions.  For example, a highly 
degraded location (such as a lot within an urbanized setting) required little survey time to 
determine lack of occupancy.  Surveys also ended after the first detection of the targeted species.  
At least 1 hour of search time was allotted at each location, although at many locations several 
hours were required to provide a thorough documentation of the area.   
Surveys for each species occurred during the appropriate season which provided the best 
opportunity for observing the species of interest (see Field Protocol document for specifics). 
Surveys were only conducted under favorable weather conditions (no surveys were conducted 
during rains, high winds, or afternoon heat).  At each location, the surveyor searched through the 
habitat stopping every 150 to 300 m depending on vegetation and terrain conditions to conduct a 
call-broadcast survey.  Call-broadcast has been shown to be an effective tool to census many 
species of birds, for example Bendire’s and Le Conte’s thrashers were effectively surveyed 
locally using this approach (Fletcher 2009).  At each call-broadcast point, recorded songs of the 
targeted species were played for 30 seconds followed by an observation period of 1 minute, 
repeating the process at least once more before moving to a new point.  As the main interest was 
to document presence, a transect approach was not used, and the surveyor moved through the 
most appropriate habitat within the targeted area to maximize the potential for detection.   
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At each point, coordinates were recorded from a handheld GPS (GPSmap76Cx) so that 
distances between points could be roughly determined and an estimate of the survey area 
calculated.  Estimates of the survey area at each location were derived within GIS to represent 
the approximate area of coverage assuming a 300 m circular radius for the effectiveness of the 
call-broadcast, summing the radius around each call-broadcast point, and then subtracting 
overlap among buffers (Figure 2-2).  The effective range of call-broadcast varies depending on 
several factors of which site conditions, atmospheric conditions, and species are important.  The 
effective range of 300 m assumed here was estimated from observed responses of thrashers to 
call-broadcasts (Fletcher 2009).   
To improve assurances of results at locations where the targeted species were not 
detected (negative locations), some sites were surveyed twice on different dates.  Resurveys were 
focused on locations that were considered to represent good habitat for the target species during 
the initial survey.  Locations were not revisited if the site was degraded, poorly defined in 
records, or in some cases extremely difficult and time consuming to reach.  
 
Habitat assessments of historical locations – Habitat conditions at survey sites were assessed 
after species searches had been performed (see Field Protocol document for specifics). Three 
categories of variables were assessed: (1) vegetation type based on vegetation/habitat categories 
and presence of dominant plant species; (2) presence of species-specific indicators or elements of 
suitable habitat for targeted species; and (3) qualitative indicators of human disturbance along 
with general observations.  Questions on the data sheet were predominately categorical (only one 
answer) or present/absent (yes or no).  The habitat assessments were conducted to determine if a 
location represented typical habitat suitable for the target species or whether the location likely 
represented a transient record or a site were habitat had changed.  Indicators of disturbance were 
recorded to determine potential impacts on species presence.  These included presence/absence 
of: utility corridors, OHV tracks, major dirt roads, paved roads, buildings or construction, as well 
as an overall assessment of the level of human disturbance by category (none–light, limited, 
moderate, disturbed, or heavy).  To determine nonrandom associations among variables, where 
appropriate, a Fisher’s exact test was chosen because of small sample sizes for most of the bird 
species (see Results) and because of the categorical nature of the predictor variables.  The 
statistical package R 2.8.1 (R Development Core Team 2008) was used for data analyses.   
To assess potential transitions in disturbance conditions at historical sites between 1994 
and 2006 caused by development, surveyed historical locations were overlaid with aerial images 
(LANDSAT imagery) from these two years and visually assessed (see Figure 2-3 for an 
example).  In this assessment, no effort was made to distinguish between historical records in 
typical or non-typical habitat for a species, and the points assessed were based on the estimated 
coordinates for each observation with the associated errors generally ignored.  Historical 
locations were heuristically considered to be in one of three categories:  relatively undisturbed 
areas, disturbed areas, or interface areas.   Locations within disturbed areas were mostly within 
urban or suburban developments, but also occasionally in other types of developed areas; for 
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example, a historical Le Conte’s thrasher observation at a site that is now a solar energy facility.  
Many locations, however, were situated at the interface between developed and less disturbed 
natural areas, and these sites were categorized as such because the areas appeared to have some 
important habitat features.  
 
Estimating historical urban footprint – Parcel data from 1985, 1994 and 2006 (Parcel Data; 
Clark County) were used to develop an index of urban development that could then be used to 
assess changes in plant communities over these time periods (Figure 2-4).  During data 
validation, the data layers showed clear discrepancies between parcels identified and actual 
development and construction, generally providing overestimates of impacted areas.  To correct 
for this, parcel data from each year were clipped to a data layer representing the extent of urban 
development in 2006 (Urban Land Cover Areas in Clark County, NV, 2006; Clark County) with 
the assumption that areas considered undeveloped in 2006 were undeveloped in the parcel data.  
The parcel data layers also did not include road coverage, leaving gaps for these developed 
features.  Accordingly, the following protocol was used: (1) from current street coverage data 
(Street Centerline Database, Clark County; December 2009), roads proximate (within 100 m) to 
identified parcels for each targeted year were selected; (2) significant roads (interstates, state 
highways, major roads and rural routes) omitted in the previous step were 'added in' after visual 
assessment against historical NDOT maps and LANDSAT imagery; and (3) these historical 
street layers were then buffered (50 m), and merged with parcel data to arrive at an estimate of 
historical urban footprint.  These historical urban footprints were not intended to be detailed 
representations of development and disturbance, but only intended to provide an index by which 
habitat loss could be relatively assessed.   
 
Assessment of historical habitat loss – Plant communities that existed prior to urban 
development were estimated using soil data layers derived from the Soils Survey of Clark 
County (Natural Resource Conservation Service, U.S. Department of Agriculture, 2007).  Soil 
map unit polygons that under-laid urban footprint layers from 1985, 1994, and 2006 were 
identified in ArcGIS and the associated soil types determined.  ‘Ecological site descriptions’ for 
the soil types were used to identify potential natural vegetation likely to have occurred with each 
soil type under pristine conditions; as such, these descriptions may not necessarily be those 
associated with a given map unit under current conditions (see 
http://esis.sc.egov.usda.gov/ESIS/About.aspx).  Dominant and minor component plant species 
identified in the ecological site descriptions were then used to assign soil map unit polygons to 
particular plant communities described for the Mojave Desert (e.g., Sawyer and Keeler-Wolf 
1995).  Relative estimates of the area lost for each plant community were then derived by 
comparisons against the urban footprint index layers for 1985, 1994 and 2006 in ArcGIS.  For 
comparison, estimates of the area lost for each plant community were also calculated using the 
2006 urban footprint from the Urban Land Cover Areas layer. 
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Results  
 
Field surveys at historical locations – From data sources, a total of 214 historical records were 
compiled for the targeted species within Clark County; however, 60 of these records were 
discarded because the margin of error was too large or the record fell well within the error 
margin of another record.  In general, there were very few useable historic records obtained for 
most of the bird species (< 15) with the exceptions of the phainopepla and Le Conte’s thrasher 
(Table 2-1).  The level of survey effort at sites was strenuous and on average about 1.5 hours was 
spent on the ground at each historical location, ranging from 10 minutes (where the bird was 
observed quickly) to 4.25 hours.  On average, at each historical location an estimated 0.74 km2 
was surveyed.  The following provides a summary of survey results with analyses focused on 
those species where sample sizes and observations permitted meaningful interpretations.  
 
Phainopepla – The phainopepla had the largest number of historical records complied for species 
in this project, and surveys were conducted at 53 historical locations.  A total of 153 call-
broadcasts were conducted at these locations, covering an estimated area of 34.9 km2 (Table 2-1).  
Three locations thought to have highly suitable habitat were resurveyed after initial negative 
detections, and at one of these sites a phainopepla was observed on the second visit.  Presence of 
phainopepla was documented at 25 of the historical locations (Figure 2-5). 
Not surprisingly, this species was found to be highly associated with desert mistletoe 
(Phoradendron californicum), and all 25 locations where phainopepla were observed had this 
parasitic plant.  Mistletoe berries are the main food source for this species from October to May 
(Chu and Walsberg 1999).  Many of the historical records for the phainopepla were in disturbed 
areas (Table 2-2), but there did not appear to be a statistically significant negative effect from 
human disturbance on species presence (p = 0.656; Figure 2-6).  The presence of major and 
minor dirt roads even showed a significantly positive relationship with this species (p-values = 
0.004 and 0.026 respectively; Table 2-3).  Controlling for mistletoe, disturbance continued to 
show no negative effect (p = 0.598), and there was no significant relationship between 
phainopepla presence and any of the other disturbance variables (all p-values > 0.05).  Visual 
assessments on aerial images of the 53 historical records for this species indicated that in 1994 
about a third of the records were in areas with some level of disturbance (disturbed or interface) 
and that by 2006 this proportion had jumped to 43% (Table 2-4).    
 
Le Conte’s thrasher – Surveys were conducted at 37 historical locations for the Le Conte’s 
thrasher (Figure 2-7).  A total of 101 call-broadcasts were performed at these sites covering an 
estimated area of 20.4 km2.  Five locations where the species was not initially observed but 
where habitat was considered favorable were resurveyed, but the species was not detected at any 
of these revisited locations.  Many of the historical locations for this species were in disturbed 
areas, and the species was detected at only 7 locations.   
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The presence of Le Conte’s thrasher appears to be significantly affected by human 
disturbance (p = 0.017), and as the overall measure of disturbance increased, the chance of 
observing a Le Conte’s thrasher substantially decreased (Figure 2-8).  Sample size was low, 
however, and there did not appear to be significant relationships with any of the other 
disturbance categories (all p-values > 0.5).  The noted sensitivity of this species to disturbance 
suggests that any site close to developed areas probably has decreased suitability as habitat.  By 
1994, roughly a third of the historical locations were already found occurring in disturbed areas 
(developed or interface), and by 2006 this had jumped to 40% suggesting further substantial 
degradation of suitable habitat for this species over that period.     
 
Bendire’s thrasher – The Bendire’s thrasher had the most limited historical record of the species 
targeted in this project.  Only 7 records were found and 1 of these records was not surveyed 
because of a large associated error.  At the 6 historical locations surveyed, 35 call-broadcasts 
were performed covering an estimated 1.43 km2 of area.  Two of the locations were resurveyed.  
All of these sites were in areas that had very little disturbance and were considered to be in 
habitats used by this species, a pattern confirmed from inspections of the locations on aerial 
images.  This thrasher, however, was observed only once and that only after a repeated survey 
(Figure 2-9).   
 
Gray vireo – There were limited historical records for the gray vireo, and only 14 records met the 
criteria for surveying.  Forty-nine call-broadcasts were performed at these sites covering an 
estimated area of 10.6 km2.  Based on habitat assessments, 9 of the locations were in areas not 
considered to be typical habitat for this species (e.g. Creosote-Bursage community), and one of 
these was in a neighborhood of Boulder City.  These records likely represented observations of 
transient birds, and the species was not recorded at any of these sites.  The 5 detections of this 
species were all located in typical pinion-juniper woodland habitat with little disturbance (Figure 
2-10).    
The historical records for this species remained in relatively undisturbed areas, and visual 
assessments of historical locations on aerial images showed no change in disturbance at sites 
from 1994 to 2006.  The 5 records within disturbed areas were already disturbed when the 
observation was recorded, and likely represented observations of transient birds.  No significant 
effect of human disturbance was detected for the gray vireo, but after removing records in areas 
not considered habitat the dataset for this species was too small for assessment.  
 
Blue grosbeak – Surveys were conducted at only 12 historical locations for the blue grosbeak.  
One of these sites was in habitat not considered typical for the species.  A total of 55 call-
broadcasts were performed at these sites and an estimated area of 9.9 km2 was surveyed.  
Resurveys were conducted at 4 locations in areas consider good habitat following initial negative 
responses, and at one of these locations the species was observed.  All told, blue grosbeaks were 
observed at only 4 of the historical locations (Figure 2-11), of which 2were in suburban interface 
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along the Muddy River and the others were in non-native riparian areas (including at Corn 
Creek).   
Although data were limited, human disturbance did not appear to affect the presence of 
blue grosbeak, as long as important habitat features were present; in general the disturbance 
variables were non-significant.  Two undisturbed sites in 1994 did become more disturbed, but 
these were changes along suburban-agricultural interface, which represent habitat conditions 
readily utilized by this species. 
 
Bell’s vireo – Historical records of the Bell’s vireo were limited and surveys were conducted at 
only 10 locations.  A total of 38 call-broadcasts were conducted at these sites covering an 
estimated area of 8.12 km2, although 2 of these locations were not considered typical habitat for 
the species.  This bird was observed at only 2 locations, both considered suitable habitat for this 
species (Table 2-2; Figure 2-12).  It was observed on a golf course near Laughlin at a site 
considered disturbed but that contained many natural features, and at Rogers Spring in relatively 
undisturbed habitat within LMNRA.  The extremely small sample size precludes any meaningful 
assessment of human disturbance.  Visual assessments using aerial images showed that in 1994, 
4 of the 10 historical locations for this species were in areas with some level of disturbance, and 
from 1994 to 2006, 1 undisturbed site showed evidence of increased disturbance. 
 
Summer tanager – Historical records for the summer tanager were limited and only 9 locations 
were surveyed.  The species was not detected at any of these sites (Figure 2-13), although 30 
call-broadcasts were performed covering a total estimated area of 6.08 km2.  Seven of the 9 
historical locations were in disturbed habitats, and the other 2 locations were in areas of limited 
disturbance but considered to be only marginal habitat likely representing transient birds.  From 
1994 to 2006, assessment from aerial images showed that half the sites considered undisturbed in 
1994 became highly disturbed by 2006.  Although the overall level of disturbance appears high, 
the limited sample size and lack of presence data precludes any statistical analysis.   
 
Vermilion flycatcher – Surveys for the vermilion flycatcher were conducted at 15 historical 
locations.  At these locations, 81 call-broadcasts were conducted covering an estimated 15.1 km2 
of area, but the species was not detected (Figure 2-14).  From field assessments, 12 of these sites 
were in areas considered to be disturbed, but based on aerial assessment many of these were in 
transitional (interface) areas.  Although the overall level of disturbance appears high, the limited 
sample size and lack of presence data precludes any statistical analysis, and further this species 
often utilizes transitional habitat at the interface between natural and suburban-agricultural areas.       
 
Southwestern willow flycatcher – Historical records for the southwestern willow flycatcher were 
also very limited, and surveys were conducted at only 9 locations.  Thirty-three call-broadcasts 
were conducted, covering an estimated area of 7.1 km2.  Two of the locations were not 
considered to be in typical habitat for this species based on site conditions, and the other 7 
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locations, all had conditions considered moderately to heavily disturbed from field assessments. 
The species was not observed at any of the sites (Figure 2-15).  Changes in site conditions were 
difficult to assess from aerial images based on the general categories used, but some degradation 
of sites was noted between 1994 and 2006.  Although the level of disturbance was high at sites 
where this species was likely to have occurred, the limited sample size and lack of presence data 
precludes any meaningful analysis. 
 
Estimating conditional change from historical urban footprints – There were several recognized 
problems with using ecological site descriptions from the soil survey to estimate the distribution 
of plant communities that existed prior to urban development.  A limitation of the approach was 
that the plant communities assigned to map units (polygons) were based on the dominant 
vegetation identified for the major soil type within the units, and thus minor soil types and 
associated vegetation within units were simply not counted.  For example, the assessment herein 
does not include any cottonwood-willow dominated riparian community, a known component of 
the early Las Vegas Valley, although areas identified as ‘water’ in this assessment were assumed 
to be associated with such habitat.  The result is that certain geographically limited, although 
biologically important vegetation communities were under-represented.  Another problem was 
the difficulty in distinguishing between Mojave mixed scrub and creosote-bursage communities, 
which were the major vegetation types lost to development in Las Vegas Valley; this problem 
also appears to be pervasive in vegetation layers commonly used for Clark County.  Further, a 
small area of the county was too disturbed for assessment at the time the soil survey was 
conducted (see Figure 2-16).   
The assessment of change in historical urban footprint incorporated a 50 m buffer around 
selected roads.  This buffer may be excessive for roads in rural areas and likely inflated estimates 
of habitat loss.  Similarly, the use of a roads layer representing 2009 conditions to identify roads 
proximate to historical parcels, likely resulted in the selection of some roads that were not 
present historically.  Where this was observed in the data, however, was in areas where road 
density was high (i.e. high-density urban areas), thus the affect on assessments related to habitat 
loss for the targeted bird species was likely minimal.  Given these limitations, the representations 
of urban footprints might provide over-estimates of vegetation community loss.  A relative 
assessment of this impact is possible by comparing estimates of area lost from the 2006 index 
and the values from the 2006 Urban Land Cover Areas layer (Table 2-5).  The over inflation of 
these estimates was counter-balanced by the knowledge that the selection of roads was an 
imprecise technique and that not all roads observed in historical satellite images were included in 
the analysis.  Further, these estimates of habitat loss were intended for use as an index of change 
and not as an absolute representation of impacted habitat. 
Assessments of change from the historical urban footprints revealed easily apparent 
trends in the losses of vegetation communities.  These losses were expectedly anisotropic, with 
extensive area loss at lower elevations (e.g. creosote-bursage and Mojave mixed shrub; see 
Figure 2-17) and markedly less loss at higher elevations (e.g. pinion-juniper).  Losses in plant 
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communities have also shifted through time towards those at higher elevations.  This is 
particularly noticeable for Joshua tree habitat, with marginal increase in lost habitat (7%) from 
1985 to 1994, and a significantly higher loss from 1994 to 2006 (52%).  Proportional losses of 
important vegetation communities for Le Conte’s and Bendire’s thrashers were substantially 
higher than that of the gray vireo simply because of elevational differences in where associated 
plant communities occurred (see Discussion below).  In general, there was a 131% increase in 
impacted vegetation communities from 1985 to 2006, as would be expected by the large increase 
in human population during that time.  With the approximate doubling of population since 1994, 
a whopping 80% of this change in habitat occurred in the 11 years between1994 and 2006.   
 
Discussion 
 
There was insufficient historical data for most of these bird species to draw strong conclusions 
on the impact of urban development, but there are some trends associated with the data.  Levels 
of current disturbance did not appear to strongly affect the presence of phainopepla or blue 
grosbeak at historical locations as long as important components of habitat for these species 
remained.  For the phainopepla this meant predominately mesquite and other plants with berry-
bearing mistletoe (Chu and Walsberg 1999; Crampton 2004).  If enough mistletoe was present, 
this bird was recorded at the location even in highly disturbed areas.  Although there was a 
significant association between phainopepla and roads, teasing out the relationship is difficult 
because in desert areas, roads often follow washes, and the phainopepla was strongly associated 
with wash vegetation.  For the blue grosbeak, rural and suburban development associated with 
agriculture appears to have little effect on this species and may actually represent preferred 
habitats; increases in number for this species in northeastern regions has been linked with forest 
fragmentation (White 1998).   
Although the phainopepla and blue grosbeak show little sensitivity to habitat disturbance, 
this was not a demographic study and the impact of development on reproduction and 
survivorship of these birds was not assessed.  As opposed to disturbance, habitat loss for both 
species, and in particular the phainopepla, may have been substantial in Clark County with loss 
of preferred habitats such as mesquite and other vegetation types associated with washes and 
water.  In essence the loss since 1985 represents an increase of more than a 28% over that period 
(Table 2-5).   
The two thrasher species showed similar overall losses of habitat from urbanization, but 
very different patterns for current impacts of disturbance.  For Bendire’s thrasher, historical 
observations in typical habitats for this species remained within relatively undisturbed areas.  
Conversely, the Le Conte’s thrasher showed an expectedly strong negative association between 
its current presence at historical locations and current levels of human disturbance.  This species 
is known to be very sensitive to disturbance (Sheppard 1996).   
Both species share some general similarities in habitat associations, and important 
vegetation communities for both species have been greatly impacted by urbanization.  The Le 
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Conte’s thrasher in particular was associated with low slope areas – an environmental feature 
apparently favored for development.  Both species show associations with Mojave mixed shrub, 
which was the vegetation community that experienced the greatest loss to urbanization (just 
about half of all habitat lost).  The preference of these thrashers appears to be for Mojave yucca 
and cylindrical cholla species (England and Laudenslayer 1989; Fletcher 2009) which are often 
components of the Mojave mixed shrub community, although not always dominant features.  As 
such, the impact of the loss of this vegetation community on these thrashers is not likely a linear 
function.  Both species are also associated with Joshua tree, although this appears to be stronger 
for Bendire’s thrashers.  The loss of Joshua tree habitat has more than doubled since 1985.  The 
lack of development noted at historical locations for the Bendire’s thrasher, likely reflect the fact 
that large tracts of Joshua trees, as well as preferred components of Mojave mixed shrub, remain 
currently intact across Clark County.  
The Le Conte’s thrasher, however, could be particularly vulnerable to habitat degradation 
and fragmentation because of its low population density, patchy population structure, and likely 
stepping-stone dispersal (Laudenslyayer et al. 1992).  Within Clark County, high-quality habitat 
for this species is mostly scattered in small, disconnected patches (Fletcher 2009).  Large areas 
of potential historical habitat for this bird have clearly been lost to urbanization.  In particular, 
this species appears strongly associated with saltbush communities (Fletcher 2009) which are 
patchy and rare across the county, and extensive areas of this habitat type appear to have been 
lost to urbanization.  Even without direct habitat loss, edge effects from disturbance have likely 
degraded conditions within many of the remaining patches, and degradation and loss of 
intervening areas among patches has likely increased isolation.  
The gray vireo showed little impact from disturbance at historical locations within sites 
that represent typical habitat for the species.  In the Mojave Desert, the gray vireo is associated 
with pinion-juniper woodlands from 1,646 to 2,012 m in elevation (Barlow et al 1999), and the 
few historic locations surveyed within this habitat association all had gray vireos present.  Within 
Clark County, most of the pinion-juniper woodlands have not been directly impacted by 
development.   
Several of the targeted species, Bell’s vireo, summer tanager, vermilion flycatcher, 
southwestern willow flycatcher, as well as the blue grosbeak, are associated with riparian and 
mesquite woodland habitats.  Historically these species were reported to be relatively common in 
cottonwoods, willows, and mesquites along the lower Colorado River (Linsdale 1936).  For 
example, Grinnell (1914) described the vermilion flycatcher as numerous along the river in the 
early 1900s, but its abundance and distribution has been drastically reduced because of habitat 
changes caused by water management practices (Rosenberg et al. 1991).  Further, the 
southwestern willow flycatcher was thought to have suffered substantial regional declines as a 
result of the same habitat loss and fragmentation (Rosenberg et al. 1991; Dobkin and Sauder 
2004).  Actual historical records, however, were few (Table 2-1) and only the Bell’s vireo and 
blue grosbeak were detected during surveys.  Currently, Bell’s vireo and blue grosbeak are 
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considered relativity numerous in southern Nevada, compared to the relative rarity of the other 
three species (Floyd et al 2007).   
The total amount of riparian and mesquite woodlands lost to urbanization was difficult to 
determine, because in soil survey maps many of the soil types associated with these plants 
represented minor components of map units, and therefore were likely underestimated. 
Furthermore, only parts of the areas for wash and water (Table 2-5) identified in the analysis can 
be reasonably assumed to be associated with these plant types.  Nevertheless, losses of such 
habitat and mesquite woodlands appeared to be substantial, especially given the regional rarity of 
these habitats, and the obvious degradation of much of what remains.  
Table 2-1.  Number of historical records compiled for each targeted species within Clark 
County, Nevada, number of historical locations surveyed and estimated total area surveyed.  
 
Species Total Records 
Clark County 
Records 
Surveyed 
Surveyed 
Area (km2) 
Bell's vireo 15 10 8.1 
Bendire's thrasher 7 6 1.4 
Blue Grosbeak  18 12 9.9 
Gray vireo 16 14 10.6 
Le Conte's thrasher 37 25 20.4 
Phainopepla 75 53 34.9 
SW Willow Flycatcher 12 9 7.1 
Summer Tanager 13 9 6.1 
Vermilion Flycatcher 20 16 15.1 
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Table 2-2.  Number of historical survey locations (first values) and number of locations with detections of targeted species 
(second value) by human disturbance categories and typical (type) or non-typical (non) habitat determined from field 
assessments.  
   
 Heavy  Disturbed  Moderate  Limited  Light/None 
Species type non  Type non  type non  type non  type non 
Bell's vireo 3/1 0/-  1/0 1/0  2/0 0/-  2/1 1/0  0/- 0/- 
Bendire's thrasher 0/- 0/-  0/- 0/-  1/0 0/-  4/1 0/-  1/0 0/- 
Blue Grosbeak  5/0 0/-  5/3 0/-  0/- 0/-  1/1 0/-  0/- 1/0 
Gray vireo 0/- 3/0  0/- 2/0  0/- 2/0  4/4 1/0  1/1 1/0 
Le Conte's thrasher 8/0 0/-  3/0 0/-  6/2 0/-  6/3 0/-  2/2 0/- 
Phainopepla 15/5 0/-  18/11 0/-  7/4 0/-  6/2 1/0  6/3 0/- 
SW Willow Flycatcher 3/0 0/-  2/0 0/-  2/0 0/-  0/- 0/-  0/- 2/0 
Summer Tanager 4/0 0/-  3/0 0/-  0/- 0/-  2/0 0/-  0/- 0/- 
Vermilion Flycatcher 6/0 0/-  6/0 0/-  0/- 0/-  2/0 0/-  1/0 0/- 
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Table 2-3.  Results (p-values) from statistical assessments for 6 measures of human disturbance 
at historic locations considered to be in typical habitat for the bird species.  Statistical 
assessments of data for the gray vireo, summer tanager, vermilion flycatcher and southwestern 
willow flycatcher were not possible because none of these birds were detected during field 
surveys of historical locations. 
Species Human 
Disturbance 
Utility 
Corridor 
OHV 
Road 
Major 
Dirt Road
Paved 
Road 
Structures 
Phainopepla 0.656 0.402 0.004 0.0263 1.000 0.762 
Le Conte’s Thrasher 0.017 1.000 0.378 0.673 0.178 0.178 
Blue Grosbeak 0.091 1.000 0.236 0.236 0.024 1.000 
Bell’s Vireo 0.679 1.000 1.000 0.464 1.000 1.000 
Bendire’s Thrasher 1.000 1.000 1.000 1.000 1.000 1.000 
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Table 2-4.  Assessment of disturbance conditions (based on aerial imagery) at sites of historical records for targeted 
species within Clark County, Nevada between 1994 and 2006.   
 
 1994  2006 
Species Disturbed Interface Undisturbed  Disturbed Interface Undisturbed
Bell's vireo 2 2 6  2 3 5 
Bendire's thrasher - - 6  - - 6 
Blue Grosbeak  3 3 6  3 5 4 
Gray vireo 5 - 9  5 - 9 
Le Conte's thrasher 7 1 17  10 - 15 
Phainopepla 6 13 34  9 14 30 
Summer Tanager 3 1 5  6 1 2 
SW Willow Flycatcher  1 3 5  3 2 4 
Vermilion Flycatcher 2 11 2  2 11 2 
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Table 2-5.  Area estimates (ha) of plant communities under urban layers within Clark County derived in this project (index layers) 
for years 1985, 1994, and 2006.  Also provided is an area estimate for plant communities under an existing data layer representing 
the extent of urban development in 2006 (Urban Land Cover Areas in Clark County, NV, 2006; Clark County).  Targeted species 
that may have been affected by the loss of each habitat type are identified using standard abbreviates as follows: Bell’s vireo (BEVI), 
Bendire’s thrasher (BETH), Blue grosbeak (BLGR), Gray vireo (GRVI),  Le Conte’s thrasher (LCTH), Phainopepla (PHAI), 
Southwestern willow flycatcher (WIFL), Summer tanager (SUTA), and Vermilion flycatcher (VEFL).  
 
Habitat Type 1985 
Index 
1994 
Index 
2006 
Index 
2006 
 
Species Affected 
Mojave Mixed Scrub 23164.1 32520.0 78825.0 54765.3 BETH, LCTH  
Creosote Bur Sage 8862.9 10681.2 16105.1 14979.4 LCTH 
Mesquite 5810.8 6342.2 7138.4 8412.9 BLGR, BEVI, PHAI, VEFL, SUTA 
Shadscale* 6296.4 6940.5 7529.4 8012.2 LCTH 
Saltbush** 6492.7 7870.7 9053.8 9377.0 LCTH 
Black Brush 887.4 1202.8 1786.8 2059.6 BETH 
Wash Vegetation 645.5 792.0 1135.2 1240.3 BETH, LCTH, PHAI, 
Joshua Tree  507.1 544.4 829.5 644.1 BETH, LCTH 
Pinion Juniper  257.2 258.4 262.5 60.4 GRVI 
Mixed Woodland 134.7 134.7 135.6 35.0 GRVI 
Water 51.4 66.5 74.6 299.4 BLGR, BEVI, PHAI, SUTA WIFL, VEFL 
Rock (no vegetation) 3644.0 4859.4 7715.2 8225.1  
Disturbed 2670.7 3113.7 3456.6 4492.9  
Total 59424.9 75326.5 134047.7 112603.6  
*Mostly Atriplex confertifolia, ** Mostly A. polycarpa & A. canescens
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Figure 2-1.  Map showing historical records.  Green squares indicate locations surveyed.  Blue 
squares depict historical locations not surveyed because either the error margin associated with 
the record was too large or the site was within the error margin of another record.  The black 
circles show the error buffers associated with the record.  
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Figure 2-2.  Map showing error buffer (in blue) associated with historical record and area 
surveyed shown in yellow.  The green square indicates where a phainopepla was observed. 
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Figure 2-3.  Example of aerial images from 1994 and 2006 showing changes in conditions around a historical location for 
phainopepla with northwestern Las Vegas Valley. 
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Figure 2-4. Example images of urban development used to assess changes in plant communities 
developed from parcel data (see text). 
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Figure 2-5.  Map of phainopepla historical records and associated error buffers.  Green circles 
depict locations where the species was present, blue circles depict absence locations, and red 
circles depict sites not considered to be suitable breeding habitat. 
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Figure 2-6.  Line graph showing the proportion of times phainopeplas were observed within 
each disturbance category, plotted with the expected proportion of times within the category by 
chance alone.
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Figure 2-7.  Map of Le Conte’s thrasher historical records and associated error buffers.  Green 
circles depict locations where the species was present and blue circles depict absence locations. 
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Figure 2-8.  Line graph showing the proportion of times Le Conte’s thrashers were observed 
within each disturbance category, plotted with the expected proportion of times within category 
by chance alone.   
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Figure 2-9.  Map of Bendire’s thrasher historical records and associated error buffers.  Green 
circles depict locations where the species was present and blue circles depict absence locations. 
42 of 53 
 
 
 
Figure 2-10.  Map of gray vireo historical records and associated error buffers.  Green circles 
depict locations where the species was present, blue circles depict absence locations, and red 
circles depict sites not considered to be suitable breeding habitat. 
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Figure 2-11.  Map of blue grosbeak historical records and associated error buffers.  Green circles 
depict locations where the species was present, blue circles depict absence locations, and red 
circles depict sites not considered to be suitable breeding habitat. 
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Figure 2-12.  Map of Bell’s vireo historical records and associated error buffers.  Green circles 
depict locations where the species was present, blue circles depict absence locations, and red 
circles depict sites not considered to be suitable breeding habitat. 
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Figure 2-13.  Map of summer tanager historical records and associated error buffers. Blue circles 
depict absence locations. 
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Figure 2-14.  Map of vermilion flycatcher historical records and associated error buffers.  Blue 
circles depict absence locations. 
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Figure 2-15.  Map of southwestern willow flycatcher historical records and associated error 
buffers.  Blue circles represent absence locations and red circles are not considered suitable 
breeding habitat. 
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Figure 2-16.  Map of Las Vegas Valley showing areas of high soil disturbance that could not be 
assessed to natural condition during the soils survey.  
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Figure 2-17.  Estimated areas of creosote-bursage and Mojave mixed shrub lost to urbanization 
within Las Vegas Valley.  Note the straight line between areas in the lower center of the image 
which is an artifact that reflects differences in the vegetation described for the soil type in 
different surveys.   
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EXECUTIVE SUMMARY 
This final report details inventory and monitoring field efforts focused on aquatic birds at Lakes 
Mead and Mohave. This research was completed as part of a task agreement awarded by the 
National Park Service (NPS), Lake Mead National Recreation Area to the Public Lands Institute, 
University of Nevada, Las Vegas, and was conducted in support of a larger NPS project funded 
by the Southern Nevada Public Lands Management Act. This final report also incorporates 
information collected under an earlier task agreement and supersedes the report summarizing that 
earlier information (Barnes 2006). Major efforts completed during the project included: 
  
 A total of 364 field surveys for aquatic birds at 6 intensively monitored sites on Lakes 
Mead and Mohave conducted from March 2004 through August 2009.  
 An additional 20 surveys beginning in 2008 along Black Canyon. 
 An additional 40 exploratory and temporary site surveys conducted at various locations 
on the lakes. 
 Incidental counts of major assemblages of migrating aquatic birds. 
 A total of 243,081observations were tallied on Lakes Mead and Mohave (183,370 on 
Lake Mead and 59,711 on Lake Mohave), representing 109 species. 
 These birds comprised 93 species of aquatic birds and shorebirds, the belted kingfisher, 
and 15 species of diurnal raptor.  
 In addition, 2 breeding colonies of snowy plovers were discovered along the Overton 
Arm of Lake Mead and monitored during the 2007 and 2008 breeding seasons. 
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INTRODUCTION 
Lake Mead National Recreation Area (LMNRA) is centered on two large reservoirs that have 
altered 225 river km along the Lower Colorado River. Lake Mead was created after the 
completion of Hoover Dam in 1936. At its maximum water level (372 m above sea level), the 
reservoir is the largest in the U.S. covering 639 km
2
 of surface area with 1,127 km of shoreline. 
In turn, the construction of Davis Dam in 1953 created Lake Mohave, which at high-water 
covers a total of 114 km
2
 with 402 km of shoreline extending upriver to Hoover Dam (Fig. 1). 
Lake Mead is mostly fed by the Colorado River after it flows through Lake Powell and the 
Grand Canyon, with lesser inflows from the Virgin and Muddy rivers at the north end of the 
Overton Arm and treated effluent from urban areas in Las Vegas Valley through Las Vegas 
Wash. Lake Mohave, by contrast, depends completely on cold, clear tail-waters from the depths 
of Lake Mead released from Hoover Dam. Further downriver are several additional dams and 
reservoirs. The damming of the Colorado River has dramatically altered habitat for aquatic birds 
(Rosenberg 1991, Spence 1998). 
The river historically underwent large flooding events and the flow contained abundant sediment 
loads. In the past, the river and sediments reached the Gulf of California forming a vast delta, but 
the ecosystem is now greatly diminished. Since the impoundments and diversions, water rarely 
reaches the gulf and sediments mostly drop in Lakes Powell and Mead. Open-water, more lentic 
habitats now dominate the river. Introductions of exotic fish and other aquatic organisms have 
also greatly altered the system. These changes appear to favor bird species with certain feeding 
strategies, primary diving birds (e.g., grebes, mergansers, loons) and waterfowl (ducks and 
geese). Lakes Mead and Mohave are situated in a low elevation trough along the eastern edge of 
the Mojave Desert where summer temperatures are extreme, but winters tend to be relatively 
mild with temperatures rarely below freezing. These lakes now appear to be important stopover 
habitats for migrating aquatic birds passing through the arid Southwest along the Pacific and 
Intermountain Flyways (Brown 2000), and for some species these lakes have become wintering 
grounds.   
The inventory and monitoring project we conducted was a five-year field effort to provide 
baseline data on aquatic birds using Lakes Mead and Mohave. Our main priority was compiling 
an inventory of aquatic bird species that frequent these lakes. Our other objectives were to 
provide a rough measure of the relative abundance of these species and an assessment of 
seasonal use by common species. To maximize survey efforts, we decided to target monthly 
monitoring at sites that appeared to harbor large numbers of aquatic birds during portions of the 
year (Fig. 1), but at various times, we also conducted surveys at additional sites and recorded 
incidental observations of unusual bird concentrations.  
In recent years, the water level of Lake Mead has suffered a downward trend in response to a 
decline in regional precipitation, and the level of the lake has fluctuated widely (Figs. 2). The 
variation in lake level caused substantial changes in the scale and nature of shallow water areas 
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and shoreline habitats over the study period. The level of Lake Mohave, in contrast, has been 
kept within a tighter range; usually no more than 3.5 m of variation in a given year, with a more 
predictable seasonal pattern (USBOR 2011). As a result, the areas surveyed and the aquatic birds 
detected at sites on Lake Mead have varied considerably in response to changing conditions, 
while those on Lake Mohave have been little affected by lake level fluctuation. 
This final report details inventory and monitoring efforts on aquatic birds conducted between 
March 2004 and August 2009. We completed this project as part of a task agreement awarded by 
the National Park Service (NPS), LMNRA to the Public Lands Institute, University of Nevada, 
Las Vegas. This report also incorporates data collected under an earlier task agreement and 
supersedes a report summarizing that earlier information (Barnes 2006). This research was part 
of a larger NPS project, ‘Meeting the Challenge of Water 2025 Initiative: Balancing Water 
Quality, Community Needs and Water-Based Recreation for Lake Mead and Lake Mohave’ 
funded through the Southern Nevada Public Lands Management Act.  
 
METHODS 
For this project, we focused on aquatic and shoreline birds (2010 AOU sequence), and included 
diurnal raptors (Accipitridae, and Falconidae) and kingfishers (Alcedinidae), since these birds 
are either tied directly to the lake habitat, or influence aquatic bird species that routinely use the 
lakes. For purposes of analyses, we classified species into eight recognized species guilds based 
on foraging ecology (Paszkowski and Tonn 2006), along with one additional category 
(waterfowl unidentified) used to account for individuals of the family Anatidae when we were 
not able to identify to species (Appendix 1). Grouping species based on shared ecological traits is 
a useful approach to assess community composition (O’Connell et al. 2000) and has been shown 
in aquatic birds to have a high degree of concordance with environmental characteristics of 
aquatic habitat. Guild composition can also be informative as to water conditions and habitat 
quality (Paszkowski and Tonn 2006).     
We conducted surveys by traveling shorelines by motorized boat, kayak, or under very shallow 
water conditions, by foot along the shoreline. At least one experienced bird observer conducted 
each survey, and we counted all aquatic birds and raptors within the designated areas, both 
onshore and in the surrounding body of water. Weather conditions, time, and lake levels were 
recorded for each survey period. We usually began surveys within two hours after sunrise; 
however, many exceptions occurred when we conducted multiple surveys in a single day. 
Nevertheless, time of day did not appear to affect counts. The amount of time required to 
conduct each survey was dependent on the numbers and diversity of birds at each site. 
We tallied all birds detected, but large rafts of some species were occasionally encountered and 
we were forced to visually estimate their numbers. We generally identified birds to species 
whenever possible, but when identification among related species was difficult, we identified 
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birds to the narrowest classification category possible while still keeping the highest degree of 
certainty (e.g. teal unidentified, sandpiper unidentified). Some species were difficult to tell apart 
under field conditions; this was particularly a problem with Clark’s and western grebes (which 
were only identified as separate species in 1985; Nuechterlein and Buitron 1989) and with ring-
billed and California gulls.  With time, we became more skilled at these identifications; however, 
when present in large numbers, when viewed from a great distance or in poor weather, we were 
forced to identify these birds to generalized categories (i.e., Clark’s/western grebe, ring-
billed/California gulls). 
We entered field data into an NPS database housed at LMNRA. The electronic data were quality 
assured following NPS standards (Palmer 2002) with a final 100% comparison to the datasheets 
conducted in October 2010. Following NPS direction, the data were also sent to the Great Basin 
Bird Observatory (GBBO) as a contribution to the Nevada Aquatic Bird Count. 
Survey Sites 
For intensive monitoring, we selected 4 locations on Lake Mead (with 2 of these sites later 
collapsed) and 3 locations on Lake Mohave (Fig. 1; sites described below). These sites were 
intended to represent areas of high aquatic bird presence. We selected these sites in the first 
month of the study following an observational flight over the lakes and site visits of suspected 
high-use areas. At the intensively monitored sites, we generally conducted monthly surveys 
(Table 1); however, inclement weather and logistical problems resulted in some missed surveys, 
and we often failed to reach the Grand Wash where travel time was also prohibitive. Beginning 
in January 2008, we also began monthly surveys along a roughly 18 km stretch of Lake Mohave 
in Black Canyon; in our presentation of the ‘intensively’ monitored sites, the Black Canyon site 
is treated separately. 
In addition to the intensively monitored sites, we conducted exploratory surveys at various 
locations in attempts to identify additional areas of high aquatic bird concentrations. We 
primarily concentrated these exploratory surveys on Lake Mead at Bonelli Bay (n = 12), and on 
Lake Mohave at Red Light Cove (n = 6) and Nellis Cove (n = 4; Table 1). We also recorded 
incidental observations of rare sightings and substantial assemblages of aquatic birds 
encountered along the lakes in order to provide for a more accurate species inventory and to 
document major migration events.  
Lake Mead Site Characterizations 
Grand Wash– The Grand Wash site comprised an impounded portion of Lake Mead at the Grand 
Wash that was created by retained water as the lake level dropped after 2000 (Fig. 2). 
Throughout the study period, the site was separated from Lake Mead by approximately 300 m of 
sand embankment. Once boat access from Lake Mead was cut off, the site received little human 
disturbance. Because of its isolation from the main aquatic system, this impoundment did not 
receive regular nutrient inflows, as did the other sites on Lake Mead, but it did receive periodic 
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pulses of fresh water and nutrients from large storm events draining down the Grand Wash. The 
Grand Wash site was by far the largest site surveyed (Fig. 2), but its volume steadily diminished 
during the course of the survey period. We estimate that the water level dropped roughly 4 m by 
August 2009, and by the summer of 2010 the area of open water was likely just half of the extent 
in 2004. Additionally, we documented an algal bloom over the entire site during a two month 
period in late 2008.   
Las Vegas Bay– This site was heavily influenced by treated effluent from the Las Vegas 
metropolitan area flowing down Las Vegas Wash. The site consisted of a well protected, shallow 
water bay that received silt and nutrients year-round coming down the wash. Fishermen on boats 
and shorelines frequented the bay. Throughout the study period, the size and depth of the survey 
area changed with the lake level (Fig. 3). Over time, we were forced to adjust the area surveyed 
to compensate for the unstable conditions; relocating the start and stop points of surveys as the 
water level receded over the years to keep the focus around the area of outflow from the wash.  
Even so, the surveyed area was dependent on local bathymetry and shoreline structure as we 
attempted to limit the survey area to the protected bay and avoid unprotected deep waters.   
Virgin and Muddy River Basins– During the early part of the study, we treated the basins of the 
Virgin and Muddy Rivers as two separate survey sites, although because of their close proximity 
we surveyed both sites on the same days. As the water level of Lake Mead dropped later in the 
study, the two rivers eventually merged as they emptied into the lake, and we were forced to 
collapse these sites for assessment and evaluation. Taken together, the survey area was a large, 
shallow bay at the north end of Overton Arm. The Overton Arm initially received heavy human 
visitation from fishermen and recreational boaters, but visitation was greatly reduced after the 
closure of the Overton Marina in February 2007 and nearly ceased altogether by summer 2009. 
While both rivers carry heavy sediment loads at times, the Virgin River tends to carry a much 
greater sand component which forms large sandy beaches in the delta area. The sediment 
deposited by the Muddy River, by contrast, tends to produce soft mudflats overlaying a cobbled, 
rocky shoreline. As with Las Vegas Bay, conditions at the survey areas were altered dramatically 
as the lake level dropped and fluctuated over the course of the study, particularly the general 
water depth of the bay and composition of shoreline habitat (Fig. 4).  
Bonelli Bay– Although not considered an intensively monitored site, we surveyed this bay 
sporadically from May 2004 to May 2008, as it was considered to historically harbor large 
numbers of waterfowl. The site consisted of a large bay with a rocky shoreline located just to the 
south of Virgin Basin. Other than occasional runoff down a gradual, generally dry wash on the 
southern end of the bay, this site was not influenced by regular inflows from surrounding areas. 
As with the other sites on Lake Mead, however, the bay was affected by dropping lake level and 
the area of the bay shrunk noticeably throughout the study period. 
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Lake Mohave Site Characterizations 
The sites we surveyed on Lake Mohave can be classified into two main groups – lower on the 
lake were lentic sites (Arizona Bay, Nevada Bay, Nellis Cove, Red Light Cove), while those on 
the upper lake were cold water, lotic sites (Willow Beach, Black Canyon) where the lake is 
influenced by flows released from Lake Mead (Fig. 1).   
Arizona and Nevada Bays– These two sites are both wide open bays located to the north of 
Cottonwood Basin. These sites do not have any substantial nutrient inflow from outside the lake 
and both have fairly static shorelines within the narrow range of predictable yearly fluctuations 
of the water level; Lake Mohave serves as a regulating water body tightly controlled by seasonal 
releases of water from Lake Mead. Both bays provide protection from the strong northerly and 
southerly winds common on this lake. These bays received low amounts of human visitation 
from boating fishermen during cooler months, but received moderate to heavy use by 
recreational boaters and people camping on the shoreline in the summer.   
Nellis and Red Light Coves– The conditions at Nellis and Red Light coves were similar to those 
at Arizona and Nevada bays, but the coves were somewhat smaller and farther south on the lake 
(Table 1). We surveyed Nellis Cove monthly from October 2006 to January 2007 and Red Light 
Cove from October 2006 to March 2007. These surveys were conducted in an effort to locate 
assemblages of aquatic birds and were not included herein with the presentation of data from the 
intensively monitored sites. 
Willow Beach– The Willow Beach site was located just over 18 km downstream of Hoover Dam 
in Black Canyon. The water released from the base of the dam flows cold year-round at this site, 
and the river is channelized within a rocky canyon so the shoreline conditions do not change 
drastically with changes in water level. Besides the constant flow-through of water and nutrients 
from Lake Mead, a portion of this site also received untreated outflow from the fish-rearing 
facilities at the Willow Beach National Fish Hatchery, which also regularly released rainbow 
trout at the site. A public marina facilitated year-round fishing, recreational boating, and 
picnicking in the area.  
Black Canyon– This site was comprised of an 18 km stretch of flowing cold water from the north 
end of the Willow Beach site to a protective boom just below Hoover Dam. The characteristics 
of this site closely resembled those of Willow Beach with the cold water flow contained within 
tight canyon walls, but without the influences of the fish hatchery and marina. Seasonally 
predictable changes in water released from Hoover Dam were more noticeable within proximity 
to the dam and at low water (generally October-December; USBOR 2011), and protruding rocks 
along the river bottom and swift flowing eddies occurred at those times. The waters within the 
canyon received moderate motorized boat traffic in the summer months, but visitation was 
greatly reduced during the rest of the year and consisted mostly of people on rafts, canoes, and 
kayaks floating down channel.     
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Breeding Surveys 
Whenever possible, we collected data on evidence of breeding by aquatic bird species within 
LMNRA. In most cases, we recorded breeding activity while conducting aquatic bird surveys. A 
byproduct of our survey effort was the discovery of a breeding colony of snowy plovers on the 
shores of Lake Mead. We first identified breeding activity by a group of the plovers at the mouth 
of the Muddy River on 17 April 2007. This was the first documentation of breeding by snowy 
plovers on Lake Mead and represents a large range expansion (>300 miles) from known breeding 
areas to the north and west.  Snowy plovers are listed as a ‘Nevada Species of Concern’ and the 
Pacific Coast population is federally listed as Threatened under the Endangered Species Act 
(Page et al. 1995, USFWS 2007a, USFWS 2007b). Herein, we describe exploratory efforts to 
identify additional breeding sites, and surveys used to document breeding success of this species 
within LMNRA.  
After discovering the initial breeding site on the north end of Overton Arm, we conducted 
exploratory surveys by boat along 16.7 km of shoreline we identified as potentially containing 
suitable habitat for nesting plovers. This effort resulted in the location of an additional breeding 
colony at Sand Island on the eastern shore of Overton Arm (Fig. 1). Throughout the 2007 and 
2008 breeding season, we implemented monitoring surveys at both sites. Our initial monitoring 
surveys were used to define the extent of the breeding areas and gather data on overall numbers 
of breeding individuals involved. Afterwards, we implemented a standardized survey technique 
that adhered to the International Snowy Plover Survey Protocol (USFWS 2007a).  
We modified the protocol by conducting more than the standard one to two surveys throughout 
the breeding season in order to better track breeding activities at each site. We began these 
surveys within one hour of sunrise when plovers were most active and when visibility was 
maximized. Each survey consisted of walking a single pass through all potential nesting and 
foraging habitat at each site, and thoroughly searching for plovers and signs of breeding. Surveys 
corresponded to the width of available habitat which at the two sites was sufficiently narrow that 
one surveyor with binoculars and a spotting scope could cover all suitable habitats in a single 
pass. 
During each survey, data was entered directly onto a standard survey form for the species 
(USFWS 2007a). We recorded the time, temperature, and sky and wind conditions at the 
beginning and end of each survey, and saved the track of each survey on a GPS unit. We 
recorded the total number of snowy plovers (adult, juvenile, unknown), the nearest track 
coordinate, behavior codes for individual birds, and general comments during each survey.  
Additionally, we recorded the number and species of all other shorebirds, aquatic birds, and 
raptors, along with the presence of potential predators and disturbances, such as the presence of 
coyotes, common ravens, and cattle.              
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RESULTS AND DISCUSSION 
Aquatic Bird Monitoring  
We conducted 424 surveys from March 2004 through August 2009, including 364 surveys at 
regularly monitored intensive sites and 20 surveys of Black Canyon (Table 1). We tallied a total 
of 243,081observations (183,370 on Lake Mead and 59,711 on Lake Mohave), including 
exploratory surveys and incidental observations of mass migratory events; of this number 
171,937 were recorded during regularly scheduled surveys at the intensive survey sites and along 
Black Canyon (Appendix 1). 
Diversity– Richness  
 
Overall, we documented a total of 109 species of aquatic birds and raptors, representing 10 
families and 17 orders (Appendix 1). We observed 93 species of aquatic birds, the belted 
kingfisher, and 15 species of diurnal raptor. The raptors included the bald eagle and osprey 
which we considered particularly associated with the lakes because of their reliance on aquatic 
prey, and the peregrine falcon which on these lakes feeds extensively on aquatic birds (Barnes 
2011). Through the rest of this document, we refer to this group of 109 species as ‘aquatic birds’.   
 
In terms of observed species richness (the number of different species), the recorded diversity of 
aquatic birds was higher on Lake Mead than on Lake Mohave (Appendix 1, Table 2). We 
observed 104 species on Lake Mead of which 38 were unique to the lake, including the ruddy 
shell duck which was likely represented by birds that had escaped local captivity. In contrast, we 
observed only 71 species on Lake Mohave, of which only 5 were unique to the lake, and 4 of 
these were rare sightings. We documented 18 species of shorebirds only on Lake Mead, 
including some that were observed often, including: snowy plover, semipalmated plover, greater 
yellowlegs, willet, least sandpiper, long-billed dowitcher, and Wilson's phalarope. These 
observations reflected the ephemeral mudflats and open beaches that formed in areas along this 
lake at times when the lake-level dropped. The marshy habitats formed at the mouths of the 
major inflows on Lake Mead were responsible for many of the other unique species we recorded, 
including 4 marsh birds and 5 herbivorous waterfowl, all of which were rare or infrequent 
sightings.  
 
Diversity– Evenness and Abundance 
 
The diversity of aquatic birds, however, was certainly higher on Lake Mead in terms of species 
evenness (which accounts for the relative abundance among species). At our intensive survey 
sites, we observed 128,879 individual birds, while on Lake Mohave we recorded only 32,303 
birds, with an additional 10,755 birds counted along Black Canyon after January 2008 (Tables 
3). While a few more surveys were conducted on Lake Mohave than on Lake Mead, there was a 
big difference in area surveyed on these lakes, with the area being far greater on Lake Mead 
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(Table 1). Overall, the most abundant species we regularly observed on both lakes was the 
American coot, a migratory herbivore, which occurred in great numbers during winter months. 
On Lake Mead, however, several other species were also quite abundant, particularly Clark’s and 
western grebes and the green-winged teal. The difference in diversity on these lakes is quite 
apparent when considering count totals of individuals per species. The 10 most abundant species 
or species-groups regularly encountered on Lake Mead represented 73.3% of the total 
observations, while the single most abundant species on Lake Mohave, the American coot, alone 
accounted for 77.8% of observations at regularly monitored sites (Table 4).  
 
Herbivores were by far the most numerous foraging guild observed at regularly monitored sites 
on these lakes (Table 3), a pattern driven by the large numbers of American coots on both lakes, 
and also by green-winged teals on Lake Mead. On Lake Mead guild composition was 
proportionally distributed among three main guilds (Figs. 6), with the top three guilds (herbivore 
= 39.9%, diving carnivore = 29.3%, shorebird 12.3%) filling widely divergent ecological and 
foraging niches. On Lake Mohave, herbivores alone accounted for just under the same total 
percentage (81.5% vs. 83.3%; Table 3).   
 
Site-specific Variation– Direct comparison among the sites, or lakes, are difficult because of the 
differences in the number of surveys conducted at sites and in the size of areas surveyed (Table 
1). Accounting for such difference is made more difficult because the areas surveyed on Lake 
Mead changed drastically over time as a result of lake level fluctuations (see Site 
Characterizations above; see Fig. 3 & 4). Even so, it is possible to evaluate the relative 
contribution of each site to the overall composition of aquatic birds on the lakes, and we 
documented some differences among the sites, particularly on Lake Mead. 
On Lake Mead, diving carnivores proportionately made up much more of the overall 
composition of aquatic birds at Grand Wash (44.8%) than at the other two sites (Las Vegas Bay 
= 24.3%, Virgin & Muddy = 25.3 %; Fig. 6). In terms of overall abundance, however, we tallied 
35.1% more diving carnivores at the Virgin & Muddy site (16,867 individuals) than at Grand 
Wash (12,487 individuals; Table 5). When survey area (initial area estimates) and number of 
surveys are accounted for (dividing overall tallies by each), we roughly estimate that diving 
carnivores occurred at more than twice the density per survey at the Virgin & Muddy River site 
than at Grand Wash, and almost four times the density at Las Vegas Bay; of course these rough 
density estimates, and those that follow, do not account for changes in areas at each site (see 
above).  
The proportion of herbivores observed at the three sites was much more even (36.9%-44.2%; 
Fig. 6), but in terms of abundance, we counted only 39.7% and 58.8% as many herbivores at 
Grand Wash and Las Vegas Bay as at Virgin & Muddy (Table 5). However, herbivores at Las 
Vegas Bay occurred at almost twice the density per survey as at the Virgin & Muddy site and 
almost eight times that at the Grand Wash site, suggesting that habitat conditions at Las Vegas 
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Bay were probably at least as favorable for herbivores as those at the Virgin & Muddy site. Las 
Vegas Bay stood out in the proportion of aerialists (20.8% versus 2.7% at Grand Wash and 4.8% 
at Virgin & Muddy; Fig. 6), and contained almost nine times the number of aerialists as at Grand 
Wash and over twice as many aerialists as at Virgin & Muddy site (Table 5). The assessment of 
densities per survey supported the importance of the bay to aerialists.  
The Virgin & Muddy site had a much greater proportion of diving omnivores compared to the 
other sites (Fig. 6), with almost 10 times as many individuals counted as at Las Vegas Bay and 
almost six times as many individuals as at the Grand Wash (Table 5). Density estimates, 
however, suggested that habitat conditions for these birds at the Virgin & Muddy River and Las 
Vegas Bays sites were not very different. Shorebirds were also a greater proportion of diversity 
at the Virgin & Muddy site (17.3%) than at Grand Wash (7.8%) and Las Vegas Bay (6.1%; Fig. 
6) which was reflected in overall numbers of observations (Table 5). The density estimates 
reflect these differences, but suggest that the difference in habitat condition with the Las Vegas 
Bay was not great.  
On Lake Mohave, herbivores made up the largest contribution to aquatic birds on the lake by far 
(83.3%), including within the lotic portion of Black Canyon (81%; Fig. 7). Overall, guild 
composition was also similar between sites on lower Lake Mohave (Arizona and Nevada bays) 
compared with the sites in Black Canyon (Willow Beach and Black Canyon), with the 
exceptions of diving carnivores (lower Lake Mohave = 4.5%, Black Canyon = 13.9%) and 
diving omnivores (lower Lake Mohave = 6.8%, Black Canyon = 1.7%). At the sites lower on 
Lake Mohave, this can be explained by the large increase in diving omnivores recorded in 2009 
(Table 7), while the counts of diving carnivores at the Black Canyon site was heavily influenced 
by the presence of a large rookery of double-crested cormorants, active for at least half the year.       
Seasonal Variation– Reflecting migratory patterns of individual species, the overall mean 
number of birds we counted underwent large, somewhat predictable changes on a yearly basis 
(Fig. 8).While many individual species exhibited specific annual migratory patterns, those with 
similar life histories and foraging strategies (Paszkowski and Tonn 2006) tended to show 
predictable changes over time. In the case of Lake Mohave, the aquatic bird composition was 
dominated by herbivores, and ultimately by one species, the American coot, which simplified the 
analysis of seasonal trends on this lake (Fig. 10). Monthly abundances (Fig. 8) were driven by 
the presence of herbivores, of which 89.1% of individuals were observed during the six month 
period between October and March with a peak during November and December (Fig. 10). 
In general, along Black Canyon in 2008 and 2009, we observed similar patterns to those that 
occurred on Lake Mohave, but the expected increase in overall numbers later in the year 
(September-December) appeared to lag from what we saw in the lower lentic sites and at Willow 
Beach (Fig. 9). We speculate that this lag in returning aquatic birds late in the year within Black 
Canyon may partly result from flow restrictions at Hoover Dam. The water level was generally 
held from 2 to 3.5 m below that maintained during the rest of the year (USBOR 2011), and this 
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depressed water level in the channelized canyon effectively lowered the water below the 
shoreline vegetation, thus eliminating potential cover and foraging habitat for many aquatic birds 
Guild composition and abundances on Lake Mead was much more variable (Figs. 10-13). The 
pattern of herbivores on Lake Mead was slightly staggered from that observed on Lake Mohave 
in that this guild showed a single major spike in abundance from fall through early spring 
(August-April, 96.6% of records), with a peak in January (Fig. 11). As on Lake Mohave, this 
pattern was driven by the abundance in November of American coots (44.7% of guild total). 
However, green-winged teal (18.6% of guild total) and northern shovelers (11.1% of guild total) 
both peak in January and help push back the highpoint of abundance for the guild to later in 
winter. In contrast, numbers of cinnamon teal (3.5% of guild total) peaked in August and 
September, with second migration peak in March and April.  
Diving carnivores exhibited a different pattern, peaking sharply in spring (March-April, 45.4% 
of guild total) with a second more gradual increase in fall and winter (August-January, 44.5% of 
guild total; Fig. 11). With diving carnivores, Clark’s and western grebes (60.8% of guild total) 
and eared grebes (15.4% of guild total) drove the guild pattern as these birds migrate north in 
large numbers in April and May. Diving omnivores were present only in lower numbers (Table 
3) and showed mild increases in abundance during the spring (March-April, 25.3% of records) 
and fall (September-November, 45.5% of records), with Ruddy Ducks making up the largest 
portion (81.6%) of the guild total. Individual birds of the family Anatidae that we could not 
identify (categorized as waterfowl unidentified) were an unknown combination to diversity 
measures described above, and the numbers we recorded in this general category were mainly a 
byproduct of waterfowl abundance and difficult field conditions.  
Aerialists and shorebirds showed still more variation in the patterns we observed on Lake Mead 
(Fig. 12). Numbers of aerialists remained high during winter months (November-March, 70.1% 
of records) with a minor increase in abundance during May. Ring-billed and California gulls 
(54.5% of guild total) were most common, while migrating Forster’s and Caspian terns mainly 
accounted for the minor spike in numbers during spring months. For shorebirds, the species 
composing this guild were mainly present during migrations in spring (March-May, 32.4% of 
records) and fall (August-October, 48.9% of records; Fig. 12). Together, least and western 
sandpipers, along with American avocets accounted for 67.3% of all shorebird records during 
migrations, and these species were the primary driver of shorebird pattern observed at Lake 
Mead. 
We observed marsh birds, raptors, and waders at much lower numbers, than other guilds (Table 
3). Our visually-based survey approach was not designed to detect marsh birds, nevertheless we 
detected these secretive birds in small numbers on Lake Mead (n = 98; Table 3). Soras (n = 66) 
and Virginia rails (n = 23) made up most of our observations of marsh birds which we primarily 
detected audibly from September-December, after rails had presumably dispersed from their 
breeding grounds (Fig. 13). In relation to other guilds, the number of raptors observed on Lake 
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Mead was fairly low (n = 437), with numbers highest from August-March (90.1% of records; 
Fig. 13). The largest contributors to our raptor counts were migrating and wintering northern 
harriers (n = 126) and wintering bald eagles (n = 98), along with resident peregrine falcons (n = 
45).  
Waders were present at relatively low numbers throughout the year, with an increase in late 
spring (April-May, 18.5% of records) and late summer through early fall (July-September, 
37.4% of records; Fig. 13). Great blue herons, the most numerous wader (54.7% of guild total), 
were present year-round and are known to breed at the lakes, while snowy and great egrets 
migrate through the area and peak in abundance in May.  
Yearly Variation– Yearly variation of aquatic bird numbers recorded at Lakes Mead and Mohave 
are difficult to interpret with any certainty, because migratory birds are inherently tied closely to 
regional and even continental climatic and environmental conditions (Rosenberg et al. 1991). 
Ascertaining conditions or stressors encountered by the birds outside our study area, was beyond 
the scope of this field project. Even so, it is possible to describe variation and begin looking at 
local factors that may contribute to observations.  
Much of the yearly variation in observed abundances can be explained by differences in survey 
efforts which ranged from 21 to 37 surveys per lake each year (Tables 5 & 6). Monthly surveys 
did not begin until March, 2004 and were ended in August, 2009; thus, important seasonal 
periods are missing from the first and last years of the study. Considering only those years with 
complete sampling (2005-2008), overall total numbers of birds recorded varied widely with the 
proportion of variation appearing surprisingly less on Lake Mead (range = 20,806-28,491; Table 
6) than on Lake Mohave (range = 4,034-7,013; Table 7).  
Adjusting for the difference in number of surveys provides a better method to evaluate 
abundances across years, keeping in mind that we were not always able to survey each site an 
equal number of times per year. When considering only completely surveyed years (2005-2008), 
the year with the highest total number of birds per survey on Lake Mead (2005) had 36.9% more 
birds per survey than the lowest year (2006; Table 6), whereas on Lake Mohave the highest 
count of birds per survey (2007) had 54.5% more birds per survey than the lowest year (2005; 
Table 7). On Lake Mohave, the final year of the survey, while not completely sampled, was 
shaping up to be the highest count of the survey period with 85.9% more birds per survey than in 
2005. Interestingly, the abundance patterns observed on the two lakes did not correspond with 
one another. In fact the year we tallied the most birds per survey on Lake Mead (2005) was the 
same year we counted the lowest number of birds per survey on Lake Mohave (Tables 6 & 7). 
This variability in abundance between the two lakes is not surprising considering the vastly 
differing species composition observed on the lakes and the rapidly changing conditions on Lake 
Mead compared to the relative stability of Lake Mohave.  
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Migration Events– We observed migrating aquatic birds on several occasions throughout the 
study period. Although rare, these observed migration events can be rather informative as to the 
importance of Lakes Mead and Mohave as stopover habitat for several species during migrations. 
We counted a total of 5,256 nocturnal migrating Clark’s and western grebes during six mass 
migrations all during the months of April-June (≥ 188 rafted individuals in open water). This 
period coincides with 67.6% of our tallied observations for these species during regularly 
monthly surveys, and largely falls within published dates for their spring migrations(late April-
early May; Storer and Nuechterlein 1992). We did not document mass migratory events by these 
species during fall migration (from early September to early November), although 24.3% of our 
regularly scheduled survey observations occurred within this period. This may indicate that these 
species are more likely to straggle back in smaller groups during the southward migration.  
Eared grebes are also a species that migrate almost entirely in large numbers at night, remaining 
at spring stopover sites sometimes for only a day or two before jumping to the next aquatic area 
en route to more northern breeding grounds (Cullen et al. 1999). We documented 28,143 eared 
grebes in 13 dense congregations, apparently migratory, during incidental observations and 
regularly scheduled surveys, all of which fell within the published northward migration dates for 
this species (March-May; Cullen et al. 1999). We did not detect any southward migration events, 
and only 8.2% of our monthly survey records for this species occurred from September-
December; a time when adults and juveniles typically are staging at stopover sites and migrating 
south (Cullen et al. 1999). For eared grebes, Lakes Mead and Mohave may not be a major 
stopover during fall migration. 
We also gained insight on the use of Lakes Mead and Mohave from opportunistic observations 
of large migratory groups of American white pelicans. We incidentally observed 2,387 
individuals during 5 separate events that fell within the published migratory peaks for the species 
in the West (i.e., spring = March-April, fall = August-October; Knopf and Evans 2004). Almost 
97% (n = 2,310) of these sightings, however, were in the fall period, highlighting the importance 
of these lakes for this species during that migration period. In contrast, the extent of this pattern 
would not have been captured if we relied on observations during regular monitoring (n = 3,619) 
of the fixed sites, which indicate that 47% of recorded pelicans pass through these lakes during 
the spring period, while 36.6% pass through during fall migration. While large numbers of 
American white pelicans may rely on these lakes during southward migration, the nature of their 
stopover during this time may be more transient than during northward migration when 
accumulating energy reserves and preparing for the breeding season is important.  
As with white pelicans, our incidental observations of migrating ring-billed and California gulls 
paint a different picture than that indicated from our regular site monitoring. We incidentally 
observed two mass migrations (2,225 and approximately 10,000 individuals in late February and 
early March 2008 on lakes Mead and Mohave) which represented nearly 77% more individuals 
than that counted at all regularly monitored sites during the entire study period. Although these 
two observations may represent unusual conditions or events, they correspond well with the 
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published northward migration period for these species beginning in late February and increasing 
in March and April (Ryder 1993). Only 20.8% of our standardized observations were made 
within this period, indicating that these surveys may not have adequately captured the true 
magnitude of migrating ring-billed and California gulls passing through LMNRA. 
Similarly, our standardized surveys may not have accurately depicted the passage rate and timing 
of migration of snow geese. A single incidental observation of 1,069 migrating individuals was 
more than six times the number of individuals tallied in all of our standardized surveys (n = 162). 
Indeed, the propensity of this species for long, rapid, and high altitude flights between migratory 
stopovers (Mowbray et al. 2000) likely makes it quite difficult to document migration in this 
species using standardized periodic surveys. Nonetheless, our incidental observation falls within 
the expected migration timing of this species (i.e., beginning in February and March; Mowbray 
et al. 2000) and adds a data point to the regional understanding of their migratory pathways.  
Rarities and Vagrants– Our survey methodology was not intended to target rare species, which 
makes it difficult to speak confidently about the presence of rare species on these lakes. Many 
birds that showed up in low numbers, whether single events or periodic occurrences, may have 
gone undetected in our surveying scheme. Even so, we documented many rare and unexpected 
species. In total, 23 species on Lake Mead and 21 on Lake Mohave were represented by ≤ 5 
individual birds (Appendix 1). Most unexpected, was our observation of a single spotted 
redshank on Overton Arm in 2004. Other rare sightings were: three red-throated loons in 2006, a 
Pacific loon in 2008, two red-necked grebes on Lake Mohave in the summer of 2008, a reddish 
egret in 2006, three sightings of long-tailed ducks observed in 2007 and 2008, tundra and mute 
swans in 2005 and 2007, and a single parasitic jaeger on Lake Mead in 2004.  In addition, we 
observed a group of 30 brown pelicans that persisted on Lake Mead for four months in 2004, and 
individual sightings in 2005, 2006, and 2009. Other rare observations of shorebirds included: a 
white-rumped sandpiper, a pectoral sandpiper, and two black-bellied plovers, along with two 
separate observations in fall 2006 of Baird’s sandpipers. While not quite as rare or unexpected, 
we observed groups (7-17 individuals) of greater white-fronted geese on Lake Mead in 2006, 
2007, and 2009.  As noted above, we also observed ruddy shelducks periodically from 2005 
through 2009. Although these birds are most likely escaped farmed exotics, this species has been 
reported to breed regionally in limited numbers (Elisabeth Ammon pers. comm.). Notably in 
October 2008, we audibly detected six black rails during a survey at the Muddy River outflow. 
During a subsequent targeted survey the following day, we heard two black rails calling from the 
same marshy area along with several soras and Virginia rails.  
An interesting development on Lake Mohave was our semi-regular observations of black, surf, 
and white-winged scoters from early 2008 through 2009, as well an almost six-fold increase on 
Lake Mohave in diving omnivores in 2009 when compared to the previous five years combined 
(Table 7); a pattern primarily driven by increases in lesser scaup and common goldeneye. 
Tantalizingly, the appearance of the scoters, and the increase in the other diving omnivores, 
coincides with widespread proliferation of invasive quagga mussels throughout Lakes Mead and 
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Mohave following unintended introduction. As with many diving omnivores, most of these 
species are known to feed elsewhere on quagga or related zebra mussels (Custer and Custer 
1996). The diving omnivores may be responding to this new resource on Lake Mohave more 
rapidly than on Lake Mead, because our survey sites on Lake Mohave are not affected by large 
fluctuations in lake-level that can expose the mussels or by heavy sediments that smother 
mussels, as appears to be have occurred at our sites on Lake Mead.  
Documented Breeding 
Although known locally, we documented (on 25 January 2008) an active nesting colony of 
double-crested cormorants along the rocky cliffs at the north end of Black Canyon. The rookery 
was located just downstream of Hoover Dam with nests on the Arizona and Nevada sides of the 
canyon. We conducted monthly evaluations of breeding activity at this site from January 2008 
through August 2009, during regularly scheduled surveys. We documented breeding activities 
from December through June. Nesting appeared to be staggered, with nestlings first observed in 
January, and in February through June of both years. We frequently observed a mix of well-
developed or fledged young, along with very young nestlings and incubating adults (latest 
incubation observed in May). In 2008, we confirmed a maximum of 24 active nests on 25 
January, while in 2009 we confirmed 51 active nests on 15 January which tapered to only 6 in 
June.  
We commonly observed great blue herons nesting in low densities along the rocky shorelines of 
both lakes throughout our study period, although we did not rigorously monitor breeding 
activities. Nesting pairs were often quite removed from each other or in loose groups of 3-5 
nests. The largest concentrations of nesting herons we observed were both on Lake Mead in 
April, 2009, and consisted of a tightly clustered group of 23 active nests on cliffs on the north 
side of Boulder Canyon and a second group of 14 active nests on the north wall of Iceberg 
Canyon. 
We observed breeding evidence from several other species of aquatic birds during the course of 
our study period. Although not common, and certainly dependent on shoreline vegetation 
conditions, we observed chicks or evidence of nesting by Clark’s and western grebes on several 
occasions and at several locations: near the Muddy River outflow in 2005, 2006, and 2008; in 
Las Vegas Bay in 2008; and within Grand Wash in 2005, 2006, and 2007. We routinely observed 
nesting killdeer and their young near the Muddy River outflow and at Grand Wash. On single 
occasions, we observed very young American coots at Grand Wash, Las Vegas Bay, and Willow 
Beach. We observed young ducklings of mallards during most years at each of our regular 
survey sites. We did not observe direct evidence of breeding by spotted sandpipers or soras, but 
based on the presence of adults during breeding seasons and behavioral cues, we suspect 
breeding by the sandpipers at all regular survey sites on Lake Mead and by soras at Grand Wash 
and Las Vegas Bay.  
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Snowy Plover Breeding Surveys– In 2007, we conducted six standard snowy plover surveys at 
the Muddy River delta site and four at Sand Island site throughout the breeding season. At the 
Muddy River delta, we conducted surveys between 17 April (date of initial discovery) and 23 
July, at which time it was apparent all breeding activity had ceased. The number of adults at this 
site ranged from 24 (initial detection) to a high of 42 on 4 July, before dropping down to a low of 
6 adults on 16 July. In order to lessen the possibility of cueing predators to nests, we did not 
intentionally seek out nest sites; however, we located 4 nests during the course of the surveys. 
We detected juveniles on all surveys from 25 May through the end of the study period on 23 
July, with a high count of 22 juveniles detected on 4 July. Site conditions on the delta had 
deteriorated considerably by the end of surveys (Fig. 5). The water level had dropped 3.7 m and 
the water’s edge receded about 400 m south from early in the breeding season.  Surrounding 
vegetation (primarily Tamarix spp.) overran the nesting area, and cattle were using the area 
heavily by July. 
At Sand Island, we conducted surveys between 10 May and 27 July. On the last survey we 
determined that there was no further breeding activity. We detected 5 adults initially, peaking at 
16 adults during a survey on 11 July, with 9 adults still present during the final survey. While not 
intentionally searching, we located 2 nests at this site. We observed 3 to 4 juveniles during 
surveys in June through early July, but counted 10 juveniles during the final survey. By July 27, 
the juveniles were all fully grown and it may be possible that some of these birds arrived at this 
site after dispersing from the Muddy River delta or possibly from other undiscovered sites. 
In 2008, we conducted four snowy plover surveys at Muddy River delta from 17 May through 1 
July, at which time it appeared breeding activity had ceased. Our counts of adults ranged from 25 
on 17 May to a low of 5 on 1 July. We again located 4 nests at this site with just 4 juveniles 
detected on each of the final two surveys (17 June, 1 July). On, Sand Island conditions appeared 
to deteriorate rapidly in 2008, with greatly reduced foraging area and encroaching vegetation. 
We only conducted two surveys, the first on 22 May and final on 19 June. During the initial 
survey we detected 7 adults and identified 4 possible nesting locations; however, on 19 June, 
breeding activity appeared to have ceased and we could only detect a single adult. We did not 
positively locate any nests or young at Sand Island in 2008. 
In 2009, we were not able to detect breeding activity by snowy plovers at either site. Conditions 
were very poor at Muddy River delta due to overgrown vegetation and very low water levels. We 
observed nine vocalizing adults during an aquatic bird survey on 22 April, but were unable to 
detect any plovers during the following two months. We detected 32 adults near the Virgin River 
outflow in July (nearly 1 km from the breeding area on the Muddy River delta), but detected no 
young or indications of breeding activity. We suspect these birds were migrating or dispersing 
individuals from elsewhere. We also detected 3 (non-vocalizing) adults during our survey at 
Sand Island on 18 April, but also observed 6 cattle on the beach where we documented plover 
breeding activity the previous two years. We did not detect any plovers on a subsequent visit, 
and site conditions were such that we did not continue survey efforts.  
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OBSERVATIONS AND RECOMMENDATIONS 
In recent years, the water level (elevation) of Lake Mead has fluctuated widely over time, 
resulting in dramatic changes to associated shallow water surface area and shoreline vegetation. 
This in turn has greatly altered available habitat for aquatic and shoreline birds. On several 
occasions, lake level has fluctuated more than 5 m in a six month period, and extreme variability 
in lake level is likely to continue into the foreseeable future (Fig. 2; USBOR 2011). Shifts in 
lake-level of these scales expose or inundate large areas, some of which are covered by 
sediments. Many migrating species of aquatic birds are reliant on foraging opportunities along 
flyways to maintain energy reserves, and migratory pathways often follow seasonally reliable 
resources (Suford et al. 2002, Skagen 2006). At Lake Mead, however, large changes in the 
availability of shoreline and shallow-water habitats results in relatively unstable conditions from 
year to year. Studying the impact of large changes in available resources on migrating or 
wintering bird populations using this lake would be worthwhile. Such an evaluation, however, 
would likely require understanding resource availability and use along the entire complex of 
several reservoirs extending south along the Lower Colorado River.  
One of the more noteworthy observations during this monitoring project was our documentation 
of snowy plover breeding on Lake Mead, and these birds were clearly taking advantage of the 
rapidly dropping lake level that formed mudflats and sandy areas on which nesting occurred. 
Conditions on these mudflats changed dramatically through time as the lake level continued to 
lower and exotic plants invaded and grew to dominate the previously open areas. These plovers 
took advantage of temporarily favorable habitat that formed following a dramatic drop in lake 
level at an opportune time, a trait which this species appears adapted to (Page et al. 1995). 
Whether breeding continues on Lake Mead will likely depend on the timing and scope of future 
lake level fluctuations. 
The proliferation of invasive species will likely continue to impact these lakes, and the recent 
invasion and proliferation of quagga mussels and gizzard shad are of interest. The increases 
observed in diving omnivores (scoters, scaups, goldeneye) on Lake Mohave may relate to the 
availability of quagga mussels as a new food resource. This raises some concerns, however, as 
these mussels tend to accumulate contaminants from water which can then be passed up food 
chains (Petrie and Badzinski 2007). The impact of quagga mussels on aquatic birds using Lakes 
Mead and Mohave warrants future study.  
The deltas and associated bay regions of Lake Mead are likely to continue to be highly dynamic 
systems. These bays and deltas are also popular with recreational users, primarily fishermen. 
Understanding aquatic bird use and abundance in relationship to environmentally and temporally 
dynamic systems, including human visitation, will require extended data sets over numerous 
years.  
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The Las Vegas Bay can be expected to continue its environmental changes. The current inflow 
into the bay is primarily composed of treated effluent and urban runoff, with a list of 
contaminants including: mercury, PCBs, pharmaceuticals, volatile organic compounds, 
perchlorate, and various pesticides. Both, the Muddy and Virgin Rivers are likely to experience 
increased flows in the future if proposed development progresses along watersheds in Nevada, 
Utah, and the Arizona ‘strip’. Increases in treated effluent can be expected from proposed waste 
water treatment facilities upstream. Such discharge may result in channelization of the river 
courses and alteration of the environmental dynamics of the delta areas within Lake Mead, 
including potential impacts on water chemistry, nutrient load, silt deposition, water temperature, 
and undoubtedly increases in contaminates. Current water quality conditions within these bays, 
as well as the environment conditions of the deltas are not well understood, nor are the potential 
impact of contaminates on resident or migratory birds; seemingly, these are requirements for 
understanding the impacts of future changes.   
Lake Mohave does not appear to share the high diversity of aquatic bird we documented on Lake 
Mead, and abundances on Lake Mohave were highly concentrated in the winter months with the 
arrival of American coots. Lake Mohave is certainly important to wintering coots and for a large 
number of other migrating and wintering birds, and our results mostly apply to a few sites on this 
lake. During winter months, we frequently observed smaller congregations of aquatic birds in 
most bays and coves along the lake which certainly would have numbered in the many 
thousands.  
The research we present herein represents the first attempt, over a sustained period of time, to 
establish a baseline of aquatic bird diversity on Lakes Mead and Mohave. The findings of this 
project have already been proven valuable. The Lahontan Audubon Society chapter relied 
heavily on early data generated from this study when they successfully lobbied to designate lakes 
within LMNRA as an Important Bird Area (IBA) (McIvor 2005). The Lake Mead IBA is one of 
37 IBAs in Nevada which were selected on the basis of: (1) being a site important to species of 
concern in Nevada, (2) harboring an assemblage of species restricted to a unique or threatened 
natural community, or (3) being a site where significant congregations of birds occur. The IBA 
Program is worldwide in scope with over 7,000 sites in nearly 170 nations, and the IBA 
designation for LMNRA identifies this region as a critical landscape for special conservation and 
educational purposes. 
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Figure 1. Aquatic bird survey sites on Lakes Mead and Mohave. Underlined sites (and indicated 
in red) are sites surveyed monthly from March 2004 through August 2009; Black Canyon 
starting in 2008. Sites visited on a temporary basis as part of exploratory efforts are labeled in 
plain text (and indicated in green). Snowy plover breeding sites in 2007 and 2008 on the Muddy 
River delta and Sand Island are also indicated (black squares). 
 
Black Canyon 
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Figure 2. The elevation of Lake Mead surface water from January 2000 to August 2009 
(USBOR 2011).  The red portion of the graph represents lake levels during the aquatic bird 
survey period. 
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Figure 3. Aerial photograph of the Las Vegas Bay site on Lake Mead taken in the summer 
of 2004 by the U. S. Geological Survey. The lake level at that time was 343.2 m above sea 
level. To illustrate the rapid changes in survey conditions at this site, the blue dashed line 
represents the approximate shoreline on 16 March 2005 following several major rain events 
(lake level 349.3 m above sea level). The green dashed line represents the approximate 
shoreline on 16 August 2006 (lake level 343.5 m above sea level). 
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Figure 4. Aerial photograph of the Virgin and Muddy River Basin site taken in the summer of 
2004, by the U. S. Geological Survey. The lake level that time was 343.2 m above sea level 
(same as on July 2004, August 2006, and March 2007). To illustrate the rapid changes in survey 
area caused by lake level fluctuations, the green line represents the approximate shoreline when 
the lake level was 347.5 m (on March 2004, June 2005, and January 2006). The red line 
represents the shoreline at a lake level of 339.9 m (on May 2007 and March 2008). 
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Figure 5.  Photographs looking north from the west side of the Muddy River Basin, near the Muddy River outflow into Lake Mead.  
Pictures were taken at the time of surveys during (A) January 2005, (B) June 2007, and (C) July 2007 and indicate the changing 
habitat over time from the fluctuating water levels of Lake Mead.  Photographs were taken with a Lake Mead water level at 
approximately (A) 346.6, (B) 339.9, and (C) 338.6 meters above sea level. 
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Figure 6.  (A) Overall proportional guild composition of aquatic birds and raptors recorded during standard aquatic bird surveys on 
Lake Mead within Lake Mead National Recreation Area (2004-2009). Also shown, are the guild compositions of each individual 
standard survey site on Lake Mead: (B) Grand Wash, (C) Las Vegas Wash, and (D) Virgin & Muddy River Basins. 
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Figure 7.  Proportional guild composition of aquatic birds and raptors recorded during aquatic bird surveys on Lake Mohave within 
Lake Mead National Recreation Area (2004-2009). (A) Combined guild composition of the two regularly surveyed lentic sites on 
lower Lake Mohave (Arizona Bay, Nevada Bay). (B) Combined guild composition of the two lotic sites on upper Lake Mohave 
(Willow Beach, Black Canyon), both sites are situated along a channelized portion of the canyon, surrounded by steep rocky cliffs and 
with little shoreline vegetation. Willow Beach was surveyed monthly from April 2004 to August 2009, while the Black Canyon site 
was surveyed monthly from January 2008 through August 2009.   
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Figure 8.  Monthly averages of total numbers of aquatic birds and raptors recorded per survey 
month during aquatic bird surveys at standard sites on Lakes Mead and Mohave (2004-2009).  
Reported data are the combined means of regularly monitored sites on Lake Mead (Grand Wash, 
Las Vegas Bay, Virgin & Muddy River Basins) and on Lake Mohave (Arizona Bay, Nevada Bay, 
Willow Beach). 
 
 
 
 
Figure 9.  Monthly average number of aquatic birds and raptors recorded during monthly aquatic 
bird surveys conducted along the Black Canyon on Lake Mohave from January 2008-August 
2009. 
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Figure 10.  Mean number of aquatic birds and raptors recorded during monthly aquatic bird 
surveys at standard sites on Lake Mohave (2004-2009). Reported data are the combined means of 
sites at Arizona Bay, Nevada Bay, and Willow Beach. 
 
 
 
 
Figure 11.  Mean number of herbivores, diving carnivores, and diving omnivores recorded 
during monthly aquatic bird surveys at standard sites on Lake Mead (2004-2009). Reported data 
are the combined means of the sites at Grand Wash, Las Vegas Bay, and the Virgin & Muddy 
River Basins. 
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Figure 12.  Mean number of aerialists and shorebirds recorded during monthly aquatic bird 
surveys at standard sites on Lake Mead (2004-2009). Reported data are the combined means of 
the sites at Grand Wash, Las Vegas Bay, and the Virgin & Muddy River Basins. 
 
 
 
 
Figure 13.  Mean number of marsh birds, raptors, waders, and waterfowl unidentified recorded 
during monthly aquatic bird surveys at standard sites on Lake Mead (2004-2009). Reported data 
are the combined means of the sites at Grand Wash, Las Vegas Bay, and the Virgin & Muddy 
River Basins. 
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Table 1. Survey sites and numbers of surveys conducted for aquatic birds on Lakes Mead 
and Mohave from March 2004 through August 2009. Also identified are the approximate 
areas of each intensively monitored site, as well as exploratory sites revisited several times.  
Areas were estimated using aerial photographs taken in the summer of 2004, with Lake 
Mead at a water level of 343.2 meters above sea level. 
 
Survey Site No. Surveys Area (hectares) 
Lake Mead 203  
Grand Wash* 47 503 
Las Vegas Bay* 65 63 
Virgin & Muddy River Basins* 63 208 
Bonelli Bay 12 117 
Other sites 15 - 
Lake Mohave 221  
Arizona Bay* 63 52 
Nevada Bay* 63 98 
Willow Beach* 62 21 
Nellis Cove 4 32 
Red Light Cove 6 35 
Other sites 3 - 
Black Canyon (on Lake Mohave)* 20 541 (18 km**) 
Total 424  
*   intensively monitored sites 
** linear measurement along the river channel 
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Table 2. Species guilds and number of species per guild observed on Lakes Mead and 
Mohave during aquatic bird surveys (2004-2009). 
 
Guild Name Species type 
Lake 
Mead 
Lake 
Mohave 
Total 
LMNRA 
Aerialist Gulls, terns, and kingfishers 12 9 12 
Diving Carnivore Grebes, loons, cormorants, 
Pelicans, and mergansers 
13 13 15 
Diving Omnivore Diving ducks (Ruddy Ducks, 
scaups, Redheads, scoters, etc.) 
10 11 12 
Herbivore Dabbling ducks (Mallards, teal, 
gadwalls, etc.), geese, and coots 
17 12 17 
Marsh Bird Soras, rails, and bitterns 5 1 5 
Raptor Bald Eagles, Osprey, hawks, and 
falcons 
14 12 15 
Shorebird Sandpipers, plovers, ibis, etc. 26 8 26 
Wader Herons, and egrets 7 5 7 
Total   104 71 109 
 
 
 
Table 3. Summary of birds by species guild, recorded on Lakes Mead and Mohave during 
monthly aquatic bird surveys (2004-2009). Sites included the Grand Wash, Las Vegas Bay, and 
Virgin & Muddy River Basins on Lake Mead, and Arizona Bay, Nevada Bay, and Willow Beach 
on Lake Mohave. Black Canyon was surveyed monthly from January 2008 through August 2009. 
   
Guild Lake Mead Lake Mohave Black Canyon Total 
Aerialist 11,127 983 140 12,250 
Diving Carnivore 37,713 2,036 1,560 41,309 
Diving Omnivore 8,717 1,880 146 10,743 
Herbivore 51,394 26,602 8,768 86,764 
Marsh Bird 98 1 0 99 
Raptor 437 83 41 561 
Shorebird 15,827 434 64 16,325 
Wader 1,886 251 36 2,173 
Waterfowl Unid. 1,680 33 0 1,713 
Total 128,879 32,303 10,755 171,937 
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Table 4. The 10 most commonly observed species or species-groups recorded on Lakes Mead 
and Mohave, ranked by count totals from regular monthly aquatic bird surveys (2004-2009).  
Guild codes are as follows: A = aerialist, DC = diving carnivore, DO = diving omnivore, H = 
herbivore, SB = shorebird, W = wader. Also shown is the percent (%) of overall totals birds seen 
during the surveys on each lake. 
 
Lake Mead  Lake Mohave 
Species Guild No. %   Species Guild No. % 
American Coot H 22,976 17.8  American Coot H 25,135 77.8 
Clark's/ 
Western Grebes 
DC 22,934 17.8 
 
Mallard H 1,304 4.0 
Green-winged Teal H 9,572 7.4  Common Goldeneye DO 1,058 3.3 
Ruddy Duck DO 7,117 5.5  Ring-billed Gull A 855 2.6 
Ring-billed 
/California Gulls 
A 6,062 4.7 
 
Double-crested 
Cormorant 
DC 796 2.5 
Eared Grebe DC 5,821 4.5  Lesser/Greater Scaup DO 624 1.9 
Least/Western 
Sandpiper 
SB 5,819 4.5 
 
Eared Grebe DC 325 1.0 
Northern Shoveler H 5,690 4.4  Common Merganser DC 306 0.9 
American Avocet SB 4,835 3.8  Pied-billed Grebe DC 218 0.7 
American White 
Pelican 
DC 3,619 2.8 
 
Great Blue Heron W 157 0.5 
Total  94,445 73.3    32,303 95.3 
 
 
Table 5. Number of birds counted during regular monthly aquatic bird surveys by guild and site 
on Lake Mead from 2004-2009.  
  
Guild Grand Wash Las Vegas Bay Virgin & Muddy 
Aerialist  758 7174 3195 
Diving Carnivore 12487 8359 16867 
Diving Omnivore 1206 702 6809 
Herbivore 10278 15229 25887 
Marsh Bird 12 19 67 
Raptor 127 127 183 
Shorebird 2179 2111 11537 
Wader 519 540 827 
Waterfowl Unid. 316 156 1208 
Site Totals 27882 34417 66580 
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Table 6. Cumulative summary of birds per species guild by year documented during regular 
monthly aquatic bird surveys on Lake Mead from March 2004 through July 2009. Sites included 
Grand Wash, Las Vegas Bay, and the Virgin & Muddy River Basins. 
Guild 2004 2005 2006 2007 2008 2009 Total 
Aerialist 1,413 2,882 1,811 1,766 1,987 1,268 11,127 
Diving Carnivore 5,414 8,307 7,803 8,301 5,618 2,270 37,713 
Diving Omnivore 2,066 1,715 1,284 1,897 1,025 730 8,717 
Herbivore 3,535 12,635 7,515 9,845 10,204 7,660 51,394 
Marsh Bird 0 16 11 8 58 5 98 
Raptor 31 59 89 118 81 59 437 
Shorebird 1,563 1,455 1,810 5,204 4,633 1,162 15,827 
Wader 156 309 362 506 392 161 1,886 
Waterfowl Unid. 124 83 121 846 464 42 1,680 
Total 14,302 27,461 20,806 28,491 24,462 13,357 128,879 
No. surveys 21 31 33 33 36 21 175 
Birds/survey 681 885.8 630.5 863.4 679.5 636 736.5 
 
 
 
Table 7. Cumulative summary of birds per species guild by year documented during regular 
monthly aquatic bird surveys on Lake Mohave from March 2004 through August 2009. Sites 
included Arizona Bay, Nevada Bay, and Willow Beach.    
Guild 2004 2005 2006 2007 2008 2009 Total 
Aerialist 320 65 43 117 420 18 983 
Diving Carnivore 217 200 276 360 604 379 2,036 
Diving Omnivore 19 44 47 35 129 1,606 1,880 
Herbivore 2,357 3,453 6,064 6,377 5,230 3,121 26,602 
Marsh Bird 0 0 1 0 0 0 1 
Raptor 6 6 17 19 29 6 83 
Shorebird 17 225 69 55 65 3 434 
Wader 44 36 48 50 51 22 251 
Waterfowl Unid. 8 5 19 0 0 1 33 
Total 2,988 4,034 6,584 7,013 6,528 5,156 32,303 
No. surveys 26 32 35 36 37 22 188 
Birds/survey 114.9 126.1 188.1 194.8 176.4 234.4 171.8 
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Appendix 1. List of bird species observed by lake during the aquatic bird inventory and 
monitoring project at Lakes Mead and Mohave, March 2004-August 2009. Taxa are named and 
ordered following, The American Ornithologist’s Union 2010 North American Checklist. 
Numbers of individuals are the combined tallies of all observations during regular monthly 
surveys, exploratory surveys and incidental observations. Guild codes are as follows: A = 
aerialist, DC = diving carnivore, DO = diving omnivore, H = herbivore, MB = marsh bird, R = 
raptor SB = shorebird, W = wader, WU = waterfowl unidentified. 
 
Common Name Scientific Name Guild 
Lake 
Mead 
Lake 
Mohave 
Total 
Red-throated Loon Gavia stellata DC 3 
 
3 
Pacific Loon Gavia pacifica DC 
 
1 1 
Common Loon Gavia immer DC 11 98 109 
Pied-billed Grebe Podilymbus podiceps DC 257 257 514 
Horned Grebe Podiceps auritus DC 50 101 151 
Red-necked Grebe Podiceps grisegena DC 
 
5 5 
Eared Grebe Podiceps nigricollis DC 46443 4189 50632 
Eared/Horned Grebe 
Podiceps 
grisegena/nigricollis 
DC 
 
1 1 
Western Grebe* Aechmophorus occidentalis DC 6033 51 6084 
Clark's Grebe* Aechmophorus clarkii DC 5398 46 5444 
Clark's/Western Grebe 
Aechmophorus 
occidentalis/clarkii 
DC 18279 304 18583 
Brown Pelican Pelecanus occidentalis DC 72 
 
72 
American White Pelican Pelecanus erythrorhynchos DC 5649 440 6089 
Double-crested 
Cormorant* 
Phalacrocorax auritus DC 1657 2233 3890 
Least Bittern Ixobrychus exilis MB 2 
 
2 
Great Blue Heron* Ardea herodias W 1039 186 1225 
Great Egret Ardea alba W 291 20 311 
Snowy Egret Egretta thula W 416 15 431 
Reddish Egret Egretta rufescens W 1 
 
1 
Cattle Egret Bubulcus ibis W 6 
 
6 
Egret Unid. Ardeidae spp. W 4 1 5 
Green Heron Butorides virescens W 1 37 38 
Black-crowned Night-
Heron 
Nycticorax nycticorax W 140 32 172 
White-faced Ibis Plegadis chihi SB 1197 159 1356 
Greater White-fronted 
Goose 
Anser albifrons H 81 
 
81 
Snow Goose Chen caerulescens H 163 1069 1232 
Ross's Goose Chen rossii H 7 
 
7 
Canada Goose Branta canadensis H 1566 37 1603 
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Goose Unid. Anserinae sp. H 1 
 
1 
Ruddy Shelduck Tadorna ferruginea H 21 
 
21 
Mute Swan Cygnus olor H 2 
 
2 
Tundra Swan Cygnus columbianus H 4 
 
4 
Wood Duck Aix sponsa H 4 16 20 
Gadwall Anas strepera H 2401 11 2412 
American Wigeon Anas americana H 1800 4 1804 
Mallard* Anas platyrhynchos H 1769 1564 3333 
Blue-winged Teal Anas discors H 161 2 163 
Cinnamon Teal Anas cyanoptera H 1822 108 1930 
Northern Shoveler Anas clypeata H 5690 10 5700 
Northern Pintail Anas acuta H 2293 1 2294 
Green-winged Teal Anas crecca H 9598 32 9630 
Teal Unid. 
Anas 
discors/cyanoptera/crecca 
H 1157 80 1237 
Canvasback Aythya valisineria DO 77 1 78 
Redhead Aythya americana DO 474 52 526 
Ring-necked Duck Aythya collaris DO 87 51 138 
Greater Scaup Aythya marila DO 10 
 
10 
Lesser Scaup Aythya affinis DO 104 67 171 
Scaup Unid. Aythya marila/affinis DO 527 587 1114 
Ring-necked/Scaup 
Unid. 
Aythya 
collaris/marila/affinis 
DO 4 8 12 
Aythya Unid. Aythya spp. DO 82 
 
82 
Surf Scoter Melanitta perspicillata DO 1 10 11 
White-winged Scoter Melanitta fusca DO 
 
25 25 
Black Scoter Melanitta americana DO 
 
3 3 
Long-tailed Duck Clangula hyemalis DO 1 2 3 
Bufflehead Bucephala albeola DO 95 86 181 
Common Goldeneye Bucephala clangula DO 143 1069 1212 
Goldeneye Unid. Bucephala spp. DO 12 
 
12 
Hooded Merganser Lophodytes cucullatus DC 1 13 14 
Common Merganser Mergus merganser DC 3249 360 3609 
Red-breasted Merganser Mergus serrator DC 61 134 195 
Merganser Unid. Mergus spp. DC 19 6 25 
Ruddy Duck Oxyura jamaicensis DO 7643 85 7728 
Duck Unid. Anatinae spp. WU 1680 48 1728 
Osprey Pandion haliaetus R 53 27 80 
Bald Eagle* Haliaeetus leucocephalus R 105 41 146 
Northern Harrier Circus cyaneus R 129 7 136 
Sharp-shinned Hawk Accipiter striatus R 4 1 5 
Cooper's Hawk Accipiter cooperii R 9 3 12 
Accipiter Unid. Accipiter spp. R 2 
 
2 
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Red-shouldered Hawk Buteo lineatus R 1 
 
1 
Broad-winged Hawk Buteo platypterus R 1 1 2 
Swainson’s Hawk Buteo swainsoni R 2 1 3 
Red-tailed Hawk* Buteo jamaicensis R 48 29 77 
Rough-legged Hawk Buteo lagopus R 2 
 
2 
Buteo Unid. Buteo sp. R 1 
 
1 
Golden Eagle* Aquila chrysaetos R 3 5 8 
American Kestrel* Falco sparverius R 16 5 21 
Merlin Falco columbarius R 8 
 
8 
Peregrine Falcon* Falco peregrinus R 62 16 78 
Prairie Falcon* Falco mexicanus R 
 
2 2 
Falcon Unid. Falco spp. R 2 
 
2 
Raptor Unid. Accipitriformes spp. R 5 1 6 
Black Rail Laterallus jamaicensis MB 8 
 
8 
Virginia Rail Rallus limicola MB 26 
 
26 
Sora* Porzana carolina MB 70 
 
70 
Common Moorhen Gallinula chloropus MB 1 1 2 
American Coot* Fulica americana H 24645 34198 58843 
Black-bellied Plover Pluvialis squatarola SB 1 
 
1 
Snowy Plover* Charadrius alexandrinus SB 318 
 
318 
Semipalmated Plover Charadrius semipalmatus SB 122 
 
122 
Plover Unid. Charadrius spp. SB 4 
 
4 
Killdeer* Charadrius vociferus SB 528 25 553 
Black-necked Stilt Himantopus mexicanus SB 637 149 786 
American Avocet Recurvirostra americana SB 4835 93 4928 
Spotted Sandpiper* Actitis macularia SB 192 111 303 
Spotted Redshank Tringa erythropus SB 1 
 
1 
Greater Yellowlegs Tringa melanoleuca SB 49 
 
49 
Willet 
Catoptrophorus 
semipalmatus 
SB 99 
 
99 
Lesser Yellowlegs Tringa flavipes SB 17 
 
17 
Whimbrel Numenius phaeopus SB 5 
 
5 
Long-billed Curlew Numenius americanus SB 29 4 33 
Marbled Godwit Limosa fedoa SB 35 
 
35 
Sanderling Calidris alba SB 23 
 
23 
Western Sandpiper Calidris mauri SB 986 40 1026 
Least Sandpiper Calidris minutilla SB 2353 
 
2353 
Least/Western 
Sandpiper 
Calidris mauri/minutilla SB 2501 
 
2501 
White-rumped 
Sandpiper 
Calidris fuscicollis SB 1 
 
1 
Baird's Sandpiper Calidris bairdii SB 13 
 
13 
Pectoral Sandpiper Calidris melanotos SB 1 
 
1 
Shoreline & Aquatic Bird Final Report 39 
Dunlin Calidris alpina SB 56 
 
56 
Sandpiper Unid. Calidris spp. SB 1153 6 1159 
Long-billed Dowitcher Limnodromus scolopaceus SB 298 
 
298 
Dowitcher Unid. Limnodromus spp. SB 9 
 
9 
Wilson's Snipe Gallinago delicata SB 32 
 
32 
Wilson's Phalarope Phalaropus tricolor SB 276 
 
276 
Red-necked Phalarope Phalaropus lobatus SB 163 3 166 
Phalarope Unid. Phalaropus spp. SB 8 
 
8 
Sabine's Gull Xema sabini A 7 
 
7 
Bonaparte's Gull Larus philadelphia A 196 1 197 
Franklin's Gull Larus pipixcan A 74 9 83 
Ring-billed Gull Larus delawarensis A 5198 870 6068 
California Gull Larus californicus A 686 40 726 
Ring-billed/California 
Gull 
Larus 
delawarensis/californicus 
A 2681 10095 12776 
Herring Gull Larus argentatus A 51 2 53 
Large White Gull Unid. Larus spp. A 3808 71 3879 
Caspian Tern Sterna caspia A 320 
 
320 
Black Tern Chlidonias niger A 12 10 22 
Common Tern Sterna hirundo A 43 2 45 
Forster's Tern Sterna forsteri A 519 107 626 
Tern Unid. Sterna spp. A 9 
 
9 
Parasitic Jaeger Stercorarius parasiticus A 1 
 
1 
Belted Kingfisher Ceryle alcyon A 48 18 66 
Bird Unid. 
  
10 
 
10 
Total Aerialists 
 
A 13653 11225 24878 
Total Diving Carnivores 
 
DC 87182 8239 95421 
Total Diving Omnivores 
 
DO 9260 2046 11306 
Total Herbivores 
 
H 53185 37132 90317 
Total Marsh Birds 
 
MB 107 1 108 
Total Raptors 
 
R 453 139 592 
Total Shorebirds 
 
SB 15942 590 16532 
Total Waders 
 
W 1898 291 2189 
Total Waterfowl 
Unidentified  
WU 1680 48 1728 
Total 
  
183370 59711 243081 
* Species with asterisk are known or suspected breeders within Lake Mead National Recreation 
Area. 
 
